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SECRETARY   OF  THE  SMITHSONIAN  INSTITUTION, 


suBMnriNo 


THE    AHirXTAI^    BBPO&T   OF    THE   BOABD   OF  &BOBNT8   OF  THB 
XKSXmmON  fob  THB  TBAB  ENDINO  JUNE  so,  1911. 


Smithsonian  Institxttion, 

WasUngton,  April  5, 191S. 
To  the  Congress  of  the  United  States: 

In  guccordtaice  with  section  5593  of  the  Revised  Statutes  of  the 
United  States,  I  have  the  honor,  in  behalf  of  the  Board  of  Regents, 
to  submit  to  CJongress  the  annual  report  of  the  operations,  expendi- 
tures and  condition  of  the  Smithsonian  Institution  for  the  year  end- 
ing June  30,  1911.     I  have  the  honor  to  be, 

Very  resi>ectfully,  your  obedient  servant, 

Charles  D.  Waloott,  Secretary. 
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REPORT 

OF  THE 

SECRETARY  OF  THE  SMITHSONIAN  INSTITUTION 

CHARLES  D.  WALCOTT, 
FOR  THE  YEAR  ENDING  JUNE  30,  S9tU 


To  the  Board  of  Regents  of  the  Smithsonian  Institution: 

Geoti^bmkk  :  I  Jiave  the  honor  to  submit  a  report  showing  the 
operations  of  the  Institution  and  its  branches  during  the  year  ending 
June  30, 1911,  including  the  work  placed  by  Congress  under  the  direc- 
tion of  the  Board  of  Begents  in  the  United  States  National  Museum, 
the  Bureau  of  American  Ethnology,  the  International  Exchanges, 
ihel^ational  Zoological  Park,  the  Astrophysical  Observatory,  and  the 
United  States  Bureau  of  the  International  Catalogue  of  Scientific 
Literature. 

The  general  report  reviews  the  affairs  of  the  Institution  proper, 

with  brief  paragraphs  relating  to  the  several  branches,  while  the 

appendix  presents  detailed  reports  by  those  in  direct  charge  of  the 

work.     Independently  of  the  present  report,  the  operations  of  the 

^ati<Hial  Museum  and. the  Bureau  of  American  Ethnology  are  fully 

treated  of  in  separate  volumes. 

THE  SMITHSONIAN  INSTITUTION. 

THE  B8TABLISHMBNT. 

The  Smithsonian  Institution  was  created  an  establishment  by  act 
of  CJongress  approved  August  10,  1846.  Its  statutory  members  are 
the  President  of  the  United  States,  the  Vice  President,  the  'Chief 
Justice,  and  the  heads  of  the  executive  departments. 

THE  BOARD  OF  REGENTS. 

The  Board  of  Begents  consists  of  the  Vice  President  and  the  Chief 
Justice  of  the  United  States  as  ex  officio  members,  three  Members  of 
the  Senate,  three  Members  of  the  House  of  Representatives,  and  six 
citizens,  "  two  of  whom  shall  be  resident  in  the  city  of  Washington, 
and  the  other  four  shall  be  inhabitants  of  some  State,  but  no  two  of 
them  of  the  same  State." 
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On  July  4,  1910,  Chief  Justice  Fuller  died  and  was  succeeded  on 
December  19  by  Chief  Justice  Edward  Douglass  White  as  ex  officio 
member  of  the  board. 

At  a  meeting  of  the  Board  of  Regents  on  December  8,  1910,  the 
Hon.  James  S.  Sherman,  Vice  President  of  the  United  States,  was 
elected  Chancellor. 

The  personnel  of  the  board  has  been  further  changed  by  the  resig- 
nation of  Hon.  John  B.  Henderson  and  the  appointment  of  John  B. 
Henderson,  jr.,  as  a  Regent. 

GENERAL  CONSIDERATIONS. 

The  Smithsonian  Institution  has  had  a  powerful  influence  for  more 
than  60  years  in  the  development  of  science  in  the  United  States. 
Its  achievements  in  many  lines  of  research  and  exploration  have  been 
of  great  good  in  the  promotion  of  the  welfare  of  the  human  race. 
The  Institution  and  its  branches  continue  to  be  engaged  in  a  wide 
range  of  activities,  covering  practically  the  entire  field  of  natural 
and  physical  science,  as  well  as  anthropological  and  archeological 
researches. 

In  my  last  report  I  referred  to  the  establishment  of  a  trust  fund, 
through  the  generosity  of  Mrs.  E.  H.  Harriman,  which  yields  an 
annual  income  of  $12,000,  to  be  devoted  to  the  definite  purpose  of  car- 
rying on  scientific  studies,  particularly  of  American  mammals  and 
other  animals,  the  donor  specifying  Dr.  C.  Hart  Merriam  as  the  in- 
vestigator to  carry  on  the  work  during  his  lifetime.  I  believe  it  desir- 
able to  establish  a  number  of  such  research  associateships,  whereby 
especially  capable  men  in  other  branches  of  science  may  be  afforded 
opportunities  for  research  work  without  the  care  and  burden  of 
administrative  duties,  and  with  full  assurance  that  as  long  as  their 
work  is  properly  conducted  it  will  be  continued  and  that  provision 
will  be  made  for  them  when  incapacitated  for  active  service.  The 
field  for  scientific  investigation  is  extensive,  and  there  are  numbers 
of  worthy  projects  that  can  not  now  be  undertaken  because  of  lack 
of  means — projects  that  could  not  properly  be  carried  on  through 
Government  appropriation,  but  which  the  Smithsonian  Institution 
could  readily  undertake  were  the  means  available. 

Friends  of  the  Institution  have  from  time  to  time  generously  pro- 
vided funds  for  carrying  on  important  explorations  and  researches, 
as  in  the  case  of  the  Smithsonian  African  expedition,  and  more 
recently  by  largely  supporting  the  Smithscmian  biological  survey  of 
the  Panama  Canal  Zone. 

It  seems  proper  that  I  should  here  call  special  attention  to  the 
motive  which  led  the  late  George  W.  Poore,  of  Lowell,  Massachu- 
setts, who  died  December  17,  1910,  to  make  the  Smithsonian  Insti- 
tution his  residual  legatee.    By  the  terms  of  the  will  the  estate,  esti- 
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mated  to  be  about  $10,000,  is  bequeathed  under  the  condition  that 
the  income  from  this  sum  should  be  added  to  the  principal  until  a 
total  of  $250,000  should  have  been  reached,  and  that  then  the  income 
(mlj  should  be  used  for  the  purposes  for  which  the  Institution  was 
created.  The  fund  will  be  known  as  the  Lucy  T.  and  George  W. 
Poore  fund.  The  closing  words  of  this  item  of  the  will  read  as 
follows: 

I  make  this  gift  not  so  much  becaofie  of  its  amonnt  as  because  I  hope  it  wUl 
prove  an  example  for  other  Americans  to  follow,  by  supporting  and  ^icouraging 
eo  wise  and  beneficent  an  institution  as  I  believe  the  Smithsonian  Institute  to 
be»  and  yet  it  has  beoi  neglected  and  overlooked  by  American  citizens. 

ADMINISTRATION. 

On  account  of  the  large  increase  in  the  administrative  work  of  the 
Institution  and  its  branches,  brought  about  by  the  natural  growth  of 
their  activities  and  the  addition  of  new  interests,  it  appeared  ad- 
visable to  appoint  an  additional  Assistant  Secretary,  to  have  imme- 
diate charge  of  the  library  and  International  Exchanges.  With  the 
approval  of  the  Begents,  I  appointed  to  that  position  Dr.  Frederick 
William  True,  who  entered  the  service  of  the  Institution  in  1878  and 
for  several  years  had  been  head  curator  of  biology  in  the  United 
States  National  Museum.  Dr.  True  entered  upon  the  active  duties 
of  his  office  on  June  1, 1911. 

FINANCES. 

The  permanent  fund  of  the  Institution  and  the  sources  from  which 
it  was  derived  are  as  follows: 

DepoHted  in  the  Treasury  of  it^e  United  States. 

Bequest  of  Smithaon,  1846 . $515,160.00 

Besidnary  legacy  of  Smlthson,  1867 26, 210. 6b 

Deposit  from  savings  of  Income,  1867 108, 620. 37 

Bequest  of  James  HamUton,  1876 $1, 000. 00 

Accnmnlated  interest  on  Hamilton  fund,  1895 1, 000. 00 

2,000.00 

Bequest  of  Simeon  Habel,  1880 500. 00 

Deposit  from  proceeds  of  sale  of  bonds,  1881 51, 500. 00 

Gift  of  Thomas  G.  Hodgklna,  1891 200, 000. 00 

Part  of  residuary  legacy  of  Thomas  G.  Hodgkins,  1894 8, 000. 00 

Deposit  from  savings  of  Income,  1903 ^ 25, 000. 00 

Besiduary  legacy  of  Thomas  G.  Hodgkins 7, 918. 69 

Total  amoimt  of  fund  In  the  United  States  Treasury 944, 918. 69 

Begistered  and  guaranteed  bonds  of  the  West  Shore  R.  R.  Co.  (par 
Talue),  part  of  legacy  of  Thomas  G.  Hodgkins 42, 000. 00 

Total  permanent  fund 986, 918. 69 
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In  addition  to  the  above,  there  are  four  pieces  of  real  estate  be- 
queathed to  the  Institution  by  the  late  B.  S.  Avery,  some  of  which 
yield  a  nominal  rental  and  all  are  free  from  taxation. 

That  part  of  the  fund  deposited  in  the  Treasury  of  the  United 
States  bears  interest  at  6  per  cent  per  annum,  under  the  provisions 
of  the  act  organizing  the  Institution  and  an  act  of  Congress  approved 
March  12,  1894.  The  rate  of  interest  on  the  West  Shore  Railroad 
bonds  is  4  per  cent  per  annum. 

The  income  of  the  Institution  during  the  year,  amounting  to 
$83,435.30,  was  derived  as  follows:  Interest  on  the  permanent  foun- 
dation, $58,375.12;  contributions  from  various  sources  for  specific 
purposes,  $14,518.43 ;  and  from  other  miscellaneous  sources,  $10,541.75 ; 
all  of  which  was  deposited  in  the  Treasury  of  the  United  States  to 
the  credit  of  the  current  account  of  the  Institution. 

With  the  balance  of  $35,364.88  on  July  1, 1910,  the  total  resources 
for  the  fiscal  year  amounted  to  $118,800.18.  The  disbursements, 
which  are  given  in  detail  in  the  annual  report  of  the  executive  com- 
mittee, amounted  to  $86,374.52,  leaving  a  balance  of  $32,425.66  on 
deposit  June  30,  1911,  in  the  United  States  Treasury. 

The  Institution  was  charged  by  Congress  with  the  disbursement 
of  the  following  appropriations  for  the  year  ending  June  30,  1911 : 

International  exchanges $32, 000 

American  Etlinology 42,000 

Astrophysical  Observatory 18, 000 

National  Museum: 

Furniture  and  fixtures 125,000 

Heating  and  lighting 50,000 

Preservation  of  collections 300,000 

Books 2, 000 

Postage 500 

Building   repairs 15, 000 

Building 77, 000 

National  Zoological  Park 115,000 

International  Catalogue  of  Scientific  Literature 7,600 

Elevators,  Smithsonian  Building 10, 000 

Total 789,000 

EXPLORATIONS  AND  RESEARCHES. 

Various  scientific  explorations  and  researches  have  been  carried  on 
during  the  past  year  by  the  Institution  as  far  as  its  limited  income 
and  the  generosity  of  its  friends  would  permit.  There  have  also  been 
important  biological,  ethnological,  and  astrophysical  researches  by 
the  National  Museum,  the  Bureau  of  American  Ethnology,  and  the 
Astrophysical  Observatory,  respectively,  which  are  discussed  else- 
where in  this  report 
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8TUIHE8  IN  CAMBRIAN  GEOLOGY  AND  PAU80NTOUX1Y. 

During  the  field  season  of  1910  I  continued  the  study  of  the  Cam- 
Wan  strata  of  the  section  of  the  Rocky  Mountains  adjacent  to  the 
main  line  of  the  Canadian  Pacific  Railway,  special  attention  being 
given  to  the  Stephen  formation.  The  outcrop  of  this  formation  was 
carefully  examined  for  many  miles  along  the  mountain  sides,  with  the 
hope  of  finding  a  locality  where  ccmditions  had  been  favorable  for 
the  preservation  of  the  life  of  the  epoch.  The  famous  trilobite 
locality  on  the  slope  of  Mount  Stephen  above  Field  had  long  been 
known  and  many  species  of  fossils  collected  from  it,  but  even  there 
the  conditions  had  not  been  favorable  for  the  presence  and  preserva- 
tion of  examples  of  much  of  the  life  that,  from  what  was  known  of 
older  faunas  and  the  advanced  stage  of  development  of  the  Upper 
Cambrian  fauna,  must  have  existed  in  the  Middle  Cambrian  seas. 
The  finding,  during  the  season  of  1909,  of  a  block  of  fossiliferous 
siliceous  shale  that  had  been  brought  down  by  a  snowslide  on  the 
slope  between  Mount  Field  and  Mount  Wapta  led  us  to  make  a 
thorough  examination  of  the  section  above  in  1910.  Every  layer  of 
limestone  and  shale  above  was  examined,  until  we  finally  located  the 
fossil-bearing  band.  After  that  for  30  days  we  quarried  the  shale, 
slid  it  down  the  moimtain  side  in  blocks  to  a  trail,  and  transported 
it  to  camp  on  pack  horses,  where  the  shale  was  split,  trimmed,  and 
packed  and  then  taken  down  to  the  railway  station  at  Field,  3,000 
feet  below. 

A  number  of  sections  of  the  Cambrian  rocks  were  studied  and 
measured  in  the  mountains  north  and  south  of  Laggan,  Alberta,  and 
many  beautiful  panoramic  photographs  secured. 

BIOIXX3ICAL  SUKVEY  OP  THE  PANAMA  CANAL  ZONE. 

At  the  date  of  my  last  annual  report  the  Institution  contemplated 
an  exhaustive  biological  survey  of  the  Panama  Canal  Zone,  and  it 
was  then  hoped  that  definite  plans  would  soon  be  completed  and  the 
survey  undertaken  within  a  few  months.  I  am  glad  now  to  report 
that  chiefly  through  the  generosity  of  friends  of  the  Institution  the 
necessary  funds  for  carrying  on  the  work  became  available.  With 
the  cooperation  of  several  of  the  executive  departments,  and  of  the 
Field  Museum  of  Natural  History,  a  party  of  about  10  naturalists 
was  accordingly  sent  to  the  zone,  and  the  results  so  far  accomplished 
have  been  very  satisfactory.  Large  collections  of  biological  material 
have  been  received,  including  specimens  of  a  considerable  niunber  of 
g^era  and  species  new  to  science. 

Much  interest  is  manifest  in  the  survey  both  here  and  in  the  zone. 
The  Republic  of  Panama  was  so  impressed  with  the  importance  of 
the  work  that  it  invited  the  Institution  to  extend  the  survey  within 
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the  bounds  of  that  country,  which  was  done  with  gratifying  results 
as  far  as  the  limited  means  and  time  permitted. 

As  stated  in  my  last  report,  it  seemed  to  be  highly  important  to 
science  that  such  a  survey  of  the  Canal  Zone  be  made,  for,  although 
it  was  known  in  a  general  way  that  a  certain  number  of  species  of 
animals  and  plants  in  the  fresh-water  streams  on  the  Atlantic  side 
of  the  Isthmus  were  different  from  those  on  the  Pacific  side,  no  defi- 
nite knowledge  of  the  extent  of  these  differences  had  been  acquired. 
It  also  seemed  important  to  determine  exactly  the  geographical  dis- 
tribution of  the  various  organisms  inhabiting  the  Isthmus,  which  is 
one  of  the  routes  by  which  the  animals  and  plants  of  South  America 
have  entered  North  America  and  vice  versa.  When  the  Panama 
Canal  is  completed  the  organisms  of  the  various  watersheds  will  be 
offered  a  ready  means  of  mingling  together,  the  natural  distinctions 
as  regards  distribution  now  existing  will  be  obliterated,  and  the  data 
for  a  true  imderstanding  of  the  fauna  and  flora  will  be  placed  for- 
ever out  of  reach.  Moreover,  a  great  fresh-water  lake  will  be  cre- 
ated by  the  construction  of  the  Gatun  Dam,  and  the  majority  of  the 
animals  and  plants  inhabiting  that  locality  will  be  driven  away  or 
drowned,  and  quite  possibly  some  species  may  be  exterminated  before 
they  become  known  to  science. 

BIOLOGICAL  EXPEDITION  IN  CANADA. 

Through  the  courtesy  of  the  Canadian  Government  and  of  Dr. 
A.  O.  Wheeler,  president  of  the  Alpine  Club  of  Canada,  the  Smith- 
sonian Institution  was  enabled  to  send  a  small  party  of  naturalists 
to  accompany  Dr.  Wheeler  on  his  topographical  survey  of  the  British 
Columbia  and  Alberta  boundary  line  and  the  Mount  Robson  region. 
The  party  started  in  June,  1911. 

The  region  to  be  surveyed  includes  a  most  rugged  and  broken 
country  in  the  midst  of  the  Canadian  Rockies,  abounding  in  a  great 
variety  of  animals  and  plants,  and  it  is  expected  that  the  expedition 
will  result  in  a  large  and  valuable  collection  of  birds,  mammals, 
insects,  and  plants  to  be  added  to  the  National  Museum  series. 

RAINEY  EXPEDITION  IN  AFRICA. 

Mr.  Paul  J.  Rainey,  of  New  York  City,  having  planned  a  hunting 
and  collecting  trip  of  several  months'  duration  in  Africa,  offered  to 
present  to  the  Institution  the  natural  history  material  obtained  dur- 
ing the  trip  if  there  could  be  sent  with  him  some  person  skilled  in 
the  preparation  of  specimens.  Mr.  Rainey  generously  offered  to 
bear  all  the  expenses  of  the  trip.  The  route  of  travel  was  to  be  north 
of  that  of  the  recent  Smithsonian  African  expedition,  through  the 
country  lying  between  the  northern  portion  of  British  East  Africa 
and  the  southern  part  of  Abyssinia.    Mr.  Edmund  Heller,  who  was 
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one  of  the  field  naturalists  of  the  Smithsonian  African  expedition 
under  the  direction  of  Col.  Roosevelt,  was  accordingly  detailed  to 
accompany  Mr.  Kainey,  and  letters  have  been  received  indicating 
very  successful  results. 

BISD  STUDIES  IN  THE  ALEUTIAN  ISLANDS  AND  BERING  SEA. 

A  small  party  of  naturalists  made  a  brief  visit  to  the  Aleutian 
Islands  and  Bering  Sea  during  the  season  of  1911,  chiefly  in  the 
interest  of  the  Smithsonian  Institution  and  the  Biological  Survey  of 
the  Department  of  Agriculture,  especially  for  a  study  of  land  and 
marine  birds.  Through  the  cooperation  of  the  Treasury  Depart- 
ment the  party  was  afforded  transportation  on  the  revenue  cutter 
Tahoma. 

The  principal  results  of  the  visit  were  the  collection  of  a  good 
series  of  all  the  land  birds  of  the  islands  visited,  including  a  particu- 
larly fine  series  of  ptarmigan,  and  a  large  number  of  eggs,  and  the 
securing  of  some  interesting  observations  cm  the  distribution  and 
habits  of  the  birds  of  that  region.  These  observations  will  be  made 
use  of  by  Mr.  A.  C.  Bent,  who  has  undertaken  to  complete  the  work 
on  the  life  histories  of  North  American  birds,  two  volumes  of  which, 
by  the  late  Maj.  Charles  Bendire,  have  been  published  by  the  Na- 
tional Museum  and  the  Smithsonian  Institution. 

ANTHBOPOLOGICAL   RESEARCHES    IN    PERU. 

During  the  summer  of  1910  Dr.  Ale§  Hrdlicka,  of  the  National 
Museum,  visited  the  great  ruins  of  the  temples  and  city  of  Pachaea- 
mac,  about  18  miles  south  of  Lima,  and  also  the  ruins  and  cemeteries 
in  the  district  of  Trujillo,  Peru,  where  he  collected  upward  of  3,400 
crania  and  a  quantity  of  other  skeletal  parts.  A  large  percentage 
of  the  gathered  skulls  are  free  from  artificial  deformation  and  there- 
fore afford  a  much  better  opportunity  than  previous  collections  for 
a  critical  study  of  the  peoples  who  centuries  ago  occupied  and  con- 
gregated in  these  regions. 

Pachacamac  was  a  religious  center,  much  like  the  Egyptian  Thebes 
and  the  Mohammedan  Mecca,  to  which  pilgrims  flocked  from  all 
parts  of  Peru.  After  the  destruction  of  the  Temple  of  the  Sun  by 
the  Spaniards,  the  place  became  a  desolate  pile  of  ruins,  with  from 
60,000  to  80,000  graves  of  pilgrims  who  had  come  from  widely 
separated  regions.  The  Valley  of  Chicama,  near  Trujillo,  with  the 
neighboring  country,  was  the  seat  of  the  powerful  people  known  after 
one  of  their  chiefs  as  Chimu. 

As  to  the  importance  of  the  material  collected.  Dr.   Hrdlifika 

remarks: 

Peru  may  well  be  regarded,  even  in  its  present  territorial  restrictions,  as 
the  main  key  to  the  anthropology  of  South  America.  Due  to  the  numbers  of 
its  ancient  inhabitants,  and  to  their  far-reaching  social  differentia tiong,  indi- 
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eating  long  occupancy,  a  good  knowledge  of  the  people  of  Pern  from  the  earliest 
times  is  very  desirable,  and  would  constitute  a  solid  basis  from  which  It 
would  be  relatively  easy  to  extend  anthropological  comparison  to  all  the  rest 
of  the  native  peoples  of  the  southern  continent  Such  anthropological  com- 
parisons will  be  greatly  facilitated  by  the  collections  acquired  on  this  expedition. 

Some  of  the  interesting  results  of  his  work  are  described  by  Dr. 
HrdliSka  in  a  pamphlet  recently  published  by  the  Institution. 

RESEARCHES  UNDER  THE  HODGKINS  FUND. 

With  a  view  to  aiding  in  the  establishment  of  an  international 
scale  for  the  measurement  of  solar  radiation,  as  menticmed  in  my 
last  report,  a  limited  grant  from  the  Hodgkins  fund  has  been 
approved  for  the  construction,  in  the  Smithsonian  workshops,  of 
several  silver  disk  pyrhelicmieters,  after  the  design  of  Mr.  C.  G. 
Abbot,  Director  of  the  Smithsonian  Astrophysical  Observatory. 

The  International  Solar  Union  has  for  some  time  been  inter- 
ested in  the  establishment  of  an  international  standard  scale  of 
radiaticm,  and  pyrheliometers  of  varying  types  have  been  in  use 
at  different  observatories.  The  desire,  however,  for  still  another 
simple  but  accurate  instrument  seemed  general,  and  the  Institution 
has  been  gratified  to  learn  that,  by  the  use  of  the  Abbot  pyrheli- 
ometer,  a  more  exact  knowledge  of  solar  radiation  and  the  influence 
of  the  terrestrial  atmosphere  upon  it  have  been  promoted. 

Arrangements  have  been  made  whereby  the  Abbot  pyrheliometer 
is  now  in  use  in  widely  separated  localities.  There  is  one  in  the 
astronomical  observatory  established  by  Harvard  College  at  Are- 
quipa,  Peru;  another  in  the  observatory  at  Teneriffe:  and  two  have 
been  sent  to  the  minister  of  agriculture  in  Buenos  Aires  for  meteoro- 
logical stations  in  Argentina.  The  Department  of  Agriculture,  the 
Bureau  of  Standards,  and  the  United  States  Weather  Bureau  in 
Washington  are  supplied  with  the  instruments;  Prof.  Chistoni,  of 
the  Koyal  University  of  Naples,  has  installed  one  there,  and  the 
Imperial  College  of  Science  and  Technology  at  South  Kensington, 
London,  has  secured  one.  Prof.  VioUe,  of  the  National  Observatory 
of  Arts  and  Crafts,  Paris,  was  among  the  first  to  install  one  of  the 
Abbot  instruments,  and  one  has  been  sent  to  Dr.  Hellmann,  director 
of  the  Koyal  Prussian  Meteorological  Institute,  Berlin.  The  Uni- 
versity of  Toronto,  Canada,  the  University  of  Wisconsin,  and  the 
Central  Physical  Observatory  of  St.  Petersburg  also  have  them,  and 
inquiries  from  other  institutions  as  to  the  mode  of  securing  them 
are  frequent,  so  that  the  establishment  of  the  desired  international 
standard  of  estimating  and  recording  the  variations  of  solar  radia- 
tion seems  to  have  been  already  aided  by  the  use  of  uniform  instru- 
ments in  many  widely  separated  localities. 
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The  distinguished  specialists  who  form  the  (XHnmittee  on  award 
for  the  examination  of  the  memoirs  submitted  in  the  Hodgkins  prize 
competition,  announced  in  connection  with  the  Congress  on  Tuber- 
culosis of  1908,  have  not  yet  submitted  their  decision.  This  delay 
is  regretted  by  the  Institution  as  sincerely  as  by  the  competitors,  but 
has  seemed  to  be  unavoidable  as  the  large  number  of  papers  pre- 
sented and  tiieir  technical  character  make  it  very  difficult  to  render 
a  prompt  decisi<m. 

Then,  too,  it  is  to  be  remembered  that,  according  to  the  terms  of 
the  ccHnpetition,  the  successful  paper  is  to  embody  an  original  theory 
or  discovery  for  the  treatm^it  of  tuberculosis,  not  before  publidied, 
a  difficult  task  at  a  time  when  the  attention  of  the  medical  w<M4d  is 
so  generally  directed  to  the  same  subject. 

The  Langley  Memoir  on  Mechanical  Flight,  the  publication  of 
which  by  the  Hodgkins  fund  of  the  Institution  was  unfortunately 
delayed  by  causes  beyond  the  control  of  the  Instituticm,  was  com- 
pleted just  at  the  close  of  the  fiscal  year,  as  mentioned  on  another 
page. 

SMrrHSOlOAN  TABLX  AT  NAPLES  ZOOLOGICAL  STATION. 

The  Smithsonian  Institution  for  18  years  past  has  maintained  a 
table  for  the  use  of  American  biologists  at  the  Naples  Zoological 
Station.  Exceptional  opportunities  are  there  afforded  for  the  study 
of  marine  life,  and  it  is  believed  that  the  cause  of  biological  science 
has  been  thereby  much  advanced. 

The  application  of  Dr.  R.  S.  Williams,  of  Miami  University, 
mentioned  in  the  Secretary's  Report  for  1910,  was  approved  for 
March  and  April,  1911.  Dr.  Williams  was  chiefly  occupied  at 
Naples  in  ascertaining  the  rate  of  growth  of  recent  encrusting 
organisms,  especially  bryozoans,  with  a  view  to  the  use  of  this 
information  in  researches  on  the  Richmond  division  of  the  Ordo- 
vician  period.  The  results  thus  far  obtained  by  him  he  considers 
preliminary,  and  he  proposes  to  continue  the  same  research  at  some 
future  time  on  a  float  anchored  in  tiie  open  sea. 

In  addition  to  his  work  on  the  bryozoan  fauna,  Dr.  Williams 
secured  a  representative  collection  of  the  jaw  apparatus  of  the 
free-swimming  annelids  belonging  to  tiie  Eunicidea  and  the 
Glyceridea. 

The  appointment  of  Dr.  Sergius  Morgulis,  a  Parker  Traveling 
Fellow  from  Harvard  for  1911,  was  approved  for  the  Smithsonian 
seat  at  Naples  for  the  months  of  May,  June,  and  July  of  this  year. 

Dr.  C.  W.  Hargitt,  of  Syracuse  University,  a  Smithsonian  ap- 
pointee at  Naples  for  three  months  in  1903,  was  accorded  a  second 
occupancy  during  the  present  year.    Several  papers,  among  which 
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may  be  mentioned  '^The  Hydromedusae  of  the  Bay  of  Naples" 
and  '^Regeneration  in  Bhizostoma  pulmo,"  were  published  by  Dr. 
Hargitt  as  a  result  of  his  former  appointment,  and  a  report  of  his 
work  during  the  present  year  is  now  in  hand.  He  mentions  with 
appreciation  the  cordial  welcome  accorded  him  by  the  director  and 
staff  of  the  laboratory,  and  the  generosity  with  which  the  facilities 
for  his  work  were  provided. 

Two  papers  embodying  the  results  of  Dr.  Hargitt's  recent  investi- 
gations have  been  completed  since  his  term  at  Naples,  and  are  now 
in  course  of  publication  in  the  Journal  of  Experimental  Zoology. 

The  application  of  Dr.  Ch.  Zeleny,  associate  professor  of  zoology 
in  the  University  of  Illinois,  was  approved  for  one  month's  occu- 
pancy, to  cover  part  of  June  and  July,  1911.  No  summary  of  the 
work  accomplished  during  this  period  has  yet  been  received  from 
Dr.  Zeleny. 

When  the  same  period  is  selected  by  more  than  one  student  the 
earliest  application  is  c<msidered  first,  the  approval  of  the  later  ones 
becoming  necessarily  dependent  on  the  ability  of  the  station  to  pro- 
vide for  more  than  one  Smithsonian  appointee  at  the  same  time. 
It  should  be  added  that  the  obliging  courtesy  shown  in  this  connec- 
tion to  appointees  of  the  Smithsonian  Institution  by  the  director  of 
the  station  often  permits  appointments  to  the  seat  which  would 
otherwise  be  impracticable. 

The  prompt  and  efficient  aid  of  the  advisory  committee  in  examin- 
ing and  reporting  on  applications  for  the  table  is  still,  as  it  has  al- 
ways been,  of  great  service  to  the  Institution  and  is  very  thoroughly 
appreciated. 

PUBLICATIONS. 

The  Smithsonian  Institution  and  its  branches  distributed  during 
the  past  year  nearly  200,000  copies  of  their  various  publications. 
These  were  sent  chiefly  to  libraries  and  learned  institutions  through- 
out the  world  and  to  a  limited  list  of  specialists  in  the  subjects 
discussed.  It  would  be  impracticable,  without  a  very  great  increase 
in  the  size  of  the  editions,  to  meet  the  popular  demand  for  copies  of 
Smithsonian  publications.  In  the  case,  however,  of  the  publications 
issued  by  the  Government  bureaus  under  direction  of  the  Institu- 
tion, which  are  printed  under  congressional  appropriations,  the  law 
provides  that  they  may  be  purchased  by  all  who  desire  them  at  a 
slight  advance  over  the  cost  of  printing  by  application  to  the  Super- 
intendent of  Documents. 

It  is  through  its  publications  that  the  Smithsonian  Institution  per- 
forms one  of  its  principal  functions — the  diffusion  of  knowledge. 
Two  series  of  works  are  issued  by  the  Institution  proper  at  the  ex- 
pense of  the  Smithsonian  funds,  namely,  Smithsonian  Contributions 
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to  KBOwledge,  in  quarto,  and  Smithsonian  Miscellaneous  Collections, 
in  octavo  form.     The  editions  of  these  series  are  necessarily  limited 
in  nnmber  for  distribution  almost  entirely  to  a  carefully  selected 
list  of  libraries  throu^out  the  world,  where  they  may  be  readily 
consulted  by  students  and  investigators.    There  is  also  issued,  at  the 
cost  of  Government  appropriations,  an  annual  report,  in  the  general 
appendix  of  which  is  included  a  considerable  number  of  papers, 
dther  original  or  selected  from  more  or  less  inaccessible  sources, 
reviewing  the  progress  and  present  condition  of  the  natural  and 
phy^cal  sciences  and  other  branches  of  human  knowledge.    Al- 
though the  editicm  of  the  report  is  considerable,  yet  the  supply  is 
each  year  exhausted  within  a  very  short  time  after  its  publication. 
Contributions  to  Knowledge. — ^The  Langley  Memoir  on  Mechanical 
Flight,  referred  to  in  my  last  report,  had  been  put  to  press  and  was 
nearly  ready  for  distribution  at  the  dose  of  the  fiscal  year.    This 
work  forms  a  quarto  volume  of  over  300  pages  and  a  hundred  plates. 
The  memoir  was  in  preparation  at  the  time  of  Mr.  Langley's  death 
in  1906  and  part  of  it  had  been  written  by  him,  bringing  the  work 
down  to  May,  1896,  the  date  of  his  demonstration  that  a  machine 
heavier  than  air  could  be  made  to  fly  under  its  own  power.    The 
account  of  later  experiments,  from  1897  to  1903,  was  written  by  Mr. 
Charles  M.  Manly,  who  became  Mr.  Langley's  chief  assistant  in  1898. 
MtsceUaneoxis  Collections. — ^Twenty  papers  on  various  subjects  have 
been  added  to  the  series  of  Smithsonian  Miscellaneous  Collections, 
including  descriptions  of  a  number  of  new  species  of  animals  ob- 
tained by  the  Smithsonian  African  expedition  and  the  biological 
survey  of  the  Panama  Canal  Zone,  and  several  papers,  mentioned 
elsewhere,  giving  some  results  of  my  studies  and  field  work  in 
Cambrian  geology  and  paleontology,  besides  an  interesting  paper 
by  Dr.  Hrdli6ka  on  his  anthropological  investigations  in  Peru. 

SmitJisonian  Tables. — In  connection  with  the  system  of  meteoro- 
logical observations  established  by  the  Smithsonian  Institution  about 
1850,  a  series  of  meteorological  tables  was  compiled  by  Dr.  Arnold 
Gnyot  at  the  request  of  Secretary  Henry,  and  the  first  edition  was 
published  in  1852.    Though  primarily  designed  for  meteorological 
observers  reporting  to  the  Smithsonian  Institution,  the  tables  were 
so  widely  used  by  physicists  that  it  seemed  desirable  to  recast  the 
entire  work.    It  was  decided  to  publish  three  separate  sets  of  tables, 
each  containing  the  latest  knowledge  in  the  field  which, it  covered, 
but  together  forming  a  homogeneous  series.    The  first  of  the  new 
series.  Meteorological  Tables,  was  published  in  1893;  the  second. 
Geographical  Tables,  in  1894;  and  the  third,  Physical  Tables,  in 
1896.    In  1909  another  volume  was  added,  so  that  the  series  now 
comprises:  (a)  Smithsonian  Meteorological  Tables,  (6)  Smithsonian 
Oeograidiical  Tables,  {c)   Smithsonian  Physical  Tables,  and   {d) 
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Smithsonian  Mathematical  Tables.  Each  of  these  works  has  been 
published  in  revised  editions,  with  such  corrections  and  additions 
as  became  necessary  by  the  advance  of  scientific  knowledge. 

The  years  that  had  elapsed  since  the  publication  of  the  first  edi- 
tion of  the  Physical  Tables  in  1896  had  brought  such  changes  in  the 
material  upon  which  these  tables  must  be  based  that  it  became 
necessary  to  almost  wholly  recast  the  work  for  the  fifth  revised 
edition,  which  was  published  during  the  past  year.  Recent  data  and 
many  new  tables  have  been  added,  including  several  mathematical 
tables  especially  computed  for  this  work,  which  forms  a  volume  of 
about  350  pages. 

Opinions  on  Zoological  Nomenclature. — As  stated  with  some  detail 
in  my  last  report,  the  Institution  cooperates  with  the  International 
Commission  on  Zoological  Nomenclature  by  providing  clerical  assist- 
ance for  its  secretary  and  by  the  publication  of  the  commission's 
opinions.  During  the  past  year  two  pamphlets  were  issued  contain- 
ing opinions  1  to  25  and  26  to  29,  covering  important  questions  of 
nomenclature  that  had  been  matters  of  discussion  among  zoologists. 
In  connection  with  the  summary  of  each  opinion  there  is  printed  a 
statement  of  the  case  and  the  discussion  thereon  by  members  of  the 
commission.  The  rules  to  be  followed  in  submitting  cases  for 
opinion  *  as  laid  down  by  the  commission  are  as  follows : 

(1)  The  commission  does  not  undertake  to  act  as  a  bibliographic  or  nomen- 
clatural  bureau,  but  rather  as  an  adviser  In  connection  with  the  more  dlflacult 
and  disputed  cases  of  nomenclature. 

(2)  All  cases  submitted  should  be  accompanied  by  (a)  a  concise  statement 
of  tlie  point  at  Issue,  (h)  the  full  arguments  on  both  sides  in  case  a  diq;)uted 
point  is  involved,  and  (c)  complete  and  exact  bibliographic  references  to  every 
book  or  article  t>earing  on  the  point  at  issue. 

The  more  complete  the  data  when  the  case  is  submitted  the  more  promptly 
can  it  be  acted  upon. 

(8)  Of  necessity,  cases  submitted  with  Incomplete  bibliographic  references 
can  not  be  studied  and  must  be  returned  by  the  commission  to  the  sender. 

(4)  Cases  upon  which  an  opinion  is  desired  may  be  sent  to  any  meml>er  of 
the  commission,  but — 

(5)  In  order  that  the  work  of  the  commission  may  be  confined  as  much  as 
possible  to  the  more  difficult  and  the  disputed  cases,  it  is  urged  that  ssoologists 
study  the  code  and  settle  for  themselves  as  many  cases  as  possible. 

Harriman  Alaska  series. — ^The  Institution  has  received  from  Mrs. 
Edward  H.  Harriman  several  thousand  copies  of  volumes  descrip- 
tive of  the  results  of  the  Harriman  expedition  to  Alaska  in  1899. 
The  expedition  was  organized  in  cooperation  with  the  Washington 
Academy  of  Sciences,  but  entirely  at  the  expense  of  Mr.  Harriman. 
He  invited  as  his  guests  3  artists  and  25  men  of  science  represent- 
ing various  branches  of  research.    The  expedition  sailed  from  Seattle 

1  Cases  should  be  forwarded  to  the  secretary  of  the  commission,  Dr.  Ch.  Wardell  Stiles, 
U.  S.  Hygienic  Laboratory,  Washington.  D.  C. 
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on  May  30, 1899,  on  a  special  steamer,  and  was  gone  about  two  months, 
visiting  the  Aleutian  Islands,  the  Pribilof  Islands,  and  the  Eskimo 
settlements  on  the  Asiatic  and  American  shores.  The  journey  was 
extended  through  Bering  Strait  and  return,  and  covered  9,000  miles. 
Large  and  important  collections  were  made  of  mammals,  birds, 
insects,  marine  animals,  fossil  shells,  and  fossil  plants.  Studies  were 
also  made  of  the  great  glaciers  and  of  the  geological  formations  of 
the  regions  visited.  The  contents  of  the  volumes  received  by  the 
Institution  are  enumerated  by  the  editor  in  the  appendix  to  the 
present  rejK^rt.  The  series  consists  of  11  volumes,  printed  and  illus- 
trated in  the  best  manner.  These  books,  now  known  as  the  Harri- 
man  Alaska  Series  of  the  Smithsonian  Institution,  have  been  dis- 
tributed, imder  special  Smithsonian  title  pages,  to  a  selected  list  of 
libraries  tiiroughout  the  world,  the  few  copies  of  certain  volumes 
remaining  after  such  a  distribution  being  held  for  sale  in  accordance 
with  the  terms  of  the  agreement. 

Museum  publications. — The  National  Museum  published  its  an- 
nual report,  two  volumes  of  proceedings  and  several  bulletins,  cover- 
ing the  usual  wide  range  of  subjects,  but  chiefly  pertaining  to  zoology 
and  botany. 

Ethnological  publications. — ^The  Bureau  of  American  Ethnology 
issued  several  bulletins,  including  part  2  of  the  Handbook  of  Ameri- 
can Indians  North  of  Mexico;  part  1  of  the  Handbook  of  American 
Indian  Languages;  Antiquities  of  Central  and  Southeastern  Mis- 
sissippi Valley;  Antiquities  of  the  Mesa  Verde  National  Park,  and 
bulletins  on  other  ethnological  subjects. 

Publications  of  historical  and  patriotic  societies. — Annual  reports 
of  the  American  Historical  Association  and  the  National  Society  of 
the  Daughters  of  the  American  Eevolution  were  as  usual  conmiu- 
nicated  to  Congress  in  accordance  with  law. 

Advisory  committee  on  printing  and  publication. — ^The  conmiittee 
on  printing  and  publication  has  continued  to  examine  manuscripts 
proposed  for  publication  by  the  branches  of  the  Institution,  and  has 
considered  various  questions  concerning  public  printing  and  binding. 
Twenty-four  meetings  of  the  committee  were  held  during  the  year 
and  115  manuscripts  were  passed  upon.  The  personnel  of  the  com» 
niittee  is  as  follows:  Dr.  Frederick  W.  True,  Assistant  Secretary 
of  the  Smithsonian  Institution,  chairman ;  Mr.  C.  G.  Abbot,  Director 
of  the  Astrophysical  Observatory;  Mr.  W.  I.  Adams,  disbursing 
officer  of  the  Smithsonian  Institution;  Dr.  Frank  Baker,  superin- 
tendent of  the  National  Zoological  Park;  Mr.  A.  Howard  Clark, 
alitor  of  the  Smithsonian  Institution ;  Mr.  F.  W.  Hodge,  ethnologist 
in  charge  of  the  Bureau  of  American  Ethnology;  Dr.  George  P. 
Merrill,  head  curator  of  geology.  United  States  National  Museum; 
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and  Dr.  Leonhard  Stejneger,  head  curator  of  biology,  United  States 
National  Museum. 

Allotments  for  printing. — ^The  allotments  to  the  Institution  and  its 
branches,  under  the  head  of  "  Public  printing  and  binding,"  during 
the  past  fiscal  year,  aggregating  $72,700,  were,  as  far  as  practicable, 
expended  prior  to  Jime  30.  The  allotments  for  the  year  ending  June 
30, 1912,  aggregating  $72,900,  are  as  follows: 

For  the  Smithsonian  Institution,  for  printing  and  binding  annual  re- 
ports of  the  Board  of  Regents,  with  general  appendixes $10, 000 

For  the  annual  reports  of  the  National  Museum,  with  general  appen- 
dixes, and  for  printing  labels  and  blanks,  and  for  the  bulletins  ahd 
proceedings  of  the  National  Museum,  the  editions  of  which  shall  not 
exceed  4,000  copies,  and  binding,  in  half  turk^  or  material  not  more 
expensive,  scientific  books  and  pamphlets  presented  to  or  acquired  by 

the  National  Museum  library 34,000 

For  the  annual  reports  and  bulletins  of  the  Bureau  of  American  Eith- 

nology  and  for  miscellaneous  printing  and  binding  for  the  bureau 21, 000 

For  miscellaneous  printing  and  binding: 

International  exchanges 200 

International  Catalogue  of  Scientific  Literature 100 

National  Zoological  Park 200 

Astrophysical  Observatory 400 

For  the  annual  report  of  the  American  Historical  Association 7, 000 

Total 72,900 

LIBRARY. 

The  libraries  of  the  Smithsonian  Institution  and  of  its  several 
branches -show  an  increase  of  about  18,000  volumes  and  pamphlets 
during  the  last  year,  being  largely  additions  to  the  National  Museum 
library  and  the  SmithSbnian  deposit  in  the  Library  of  Congress. 

During  the  last  five  years  improved  methods  and  consolidation  of 
work  have  been  adopted  in  the  interest  of  economy  and  efficiency,  as 
discussed  by  the  Assistant  Secretary  in  the  appendix  to  this  report. 

The  library  of  the  Bureau  of  Ethnology  has  been  transferred  from 
its  former  quarters  in  a  rented  building  to  the  galleries  of  the  main 
hall  in  the  Smithsonian  Building  where  it  is  much  more  con- 
venient for  reference,  though  the  books  are  still  arranged  on 
temporary  wooden  shelves.  It  is  hoped  that  this  hall,  which  was 
originally  planned  for  library  purposes,  may  in  the  near  future  be- 
come available  for  such  use.  It  is  proposed,  if  necessary  funds  be- 
come available,  to  remove  the  wooden  galleries,  stairways,  win- 
dow sashes  and  frames,  and  book  cases  in  this  hall  and  substitute 
fireproof  bookstacks,  stairways,  and  windows.  The  new  stacks 
and  cases  would  accommodate  the  books  belonging  to  the  several 
bureaus  under  the  direction  of  the  Institution,  including  a  part  of  the 
library  of  the  National  Museum,  which  should  be  kept  in  a  central 
location.    They  would  also  provide  a  safe  place  to  assemble  the 
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Smithsonian  books  constantly  used  by  the  bureaus,  of  which  several 
thousand  are  now  scattered  through  various  rooms  in  the  Smith- 
sonian Building. 

LANGLBT  MEMORIAL  TABLET. 

The  memorial  tablet  authorized  by  the  Regents  to  be  erected  in 
the  Smithsonian  building  commemorative  of  the  aeronautical  work 
of  the  late  Secretary  Langley  has  not  yet  been  ccHnpleted.  A  design 
for  the  tablet  has,  however,  been  prepared  and  is  under  consideration 
by  the  committee  appointed  for  the  purpose. 

INTERNATIONAL  CONGRESSES   AND  CELEBRATIONa 

The  Institution  each  year  receives  invitations  to  numerous  scien- 
tific ccmgresses  and  celd)rations  in  the  United  States  and  abroad, 
but  as  funds  are  not  available  for  the  expenses  of  delegates  few  of 
these  invitations  can  be  accepted.  In  some  instances,  however,  it  is 
possible  to  arrange  for  representation  by  collaborators  of  the  Insti- 
bition  who  are  visiting  the  localities  on  official  or  private  business. 

Congress  of  Americanists. — Dr.  AleS  HrdliiSka  was  appointed  rep- 
tes^itative  of  the  Smithsonian  Institution  and  the  National  Mu- 
seum and  del^ate  on  the  part  of  the  United  States  at  the  second 
session  of  the  Seventeenth  International  Congress  of  Americanists, 
held  in  the  Museo  Nacional,  Mexico  City,  September  8  to  14,  1910. 
He  presented  an  account  of  his  recent  explorations  in  Peru,  and  also 
described  the  uncovering  of  an  especially  interesting  sepulchre  which 
he  had  been  invited  by  the  Mexican  authorities  to  open  in  the  ancient 
ruins  of  San  Juan  Teotihuacan. 

The  meeting  was  held  in  the  Museo  Nacional,  and  was  well  at- 
tended, especially  by  scientific  men  from  the  United  States. 

Dr.  C.  W.  Currier,  of  Washington,  was  also  designated  delegate 
of  the  United  States  and  a  representative  of  the  Smithsonian  Insti- 
tution at  the  above  congress. 

IfUematiandl  American  Scientific  Congress. — ^Mr.  Bailey  Willis,  as 
delegate  on  the  part  of  the  Smithsonian  Institution,  attended  the 
International  Scientific  Congress  which  was  held  at  Buenos  Aires, 
Argentina,  July  10  to  July  26, 1910. 

Geological  Congress. — ^In  August,  1910,  the  Eleventh  International 
Geological  Congress  met  in  Stockholm.  Dr.  George  F.  Becker,  of 
Uie  United  States  Greological  Survey,  was  a  delegate  on  the  part  of 
the  Smithsonian  Institution.  The  congress  was  more  largely  at- 
tended than  any  of  its  predecessors,  and  nothing  could  exceed  the 
hospitality  of  its  reception.  The  principal  subjects  of  discussion 
were  the  distribution  and  extent  of  the  iron  ore  deposits  of  the 
world,  Cambrian  paleontology,  and  the  change  of  climate  since  the 
1^  maximum  of  glaciation.    To  all  of  these  subjects  painstaking 
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contributions  were  made  from  every  quarter  of  the  globe,  and  the 
publications  of  the  congress  contain  the  most  authoritative  exposi- 
tion of  the  present  state  of  knowledge  on  these  vital  questions. 
Among  the  papers  presented  to  the  c<mgress  was  one  expressing  my 
view  on  **  the  abrupt  appearance  of  the  Cambrian  fauna.*' 

Zoological  Congress. — ^The  Seventh  International  Zoological  C!on- 
gress  was  held  at  Graz,  Austria,  in  August,  1910.  The  delegates  on 
the  part  of  the  United  States  and  the  Smithsonian  Institution  and 
National  Museum  were  Dr.  H.  H.  Field,  Dr.  W.  R.  Kellicott,  Dr.  Ch. 
Wardell  Stiles,  and  Mr.  Austin  H.  Clark.  About  600  members  were 
present  at  this  congress,  of  whom  about  60  were  from  the  United 
States,  the  majority  of  these  representing  scientific  societies  or  educa- 
tional institutions.  To  facilitate  its  labors,  the  congress  was  divided 
into,  sections,  each  section  representing  a  definite  subject  or  group  of 
subjects.  Papers  of  general  interest  were  read  in  the  Stephanien- 
salle,  a  large  hall  in  the  center  of  the  city,  while  papers  of  more 
restricted  scope  were  presented  in  the  various  lecture  rooms  of  the 
university.  Taken  as  a  whole,  the  papers  read  were  of  a  distinctly 
progressive  nature,  the  authors,  especially  the  younger  ones,  showing 
a  marked  disposition  to  depart  from  the  time-honored  and  accepted 
lines  of  work  and  thought,  and  to  approach  tiieir  subjects  from 
entirely  new  view  points. 

Congress  of  Bibliography  and  Documentation. — ^Mr.  Paul  Brockett, 
assistant  librarian  of  the  Institution,  who  was  appointed  a  delegate 
to  the  International  Congress  of  Bibliography  and  Documentation 
at  Brussels,  August  25  to  27,  1910,  attended  the  congress  and  sub- 
mitted a  report  on  its  proceedings,  which  is  printed  in  the  appendix. 

Congress  of  Archivists  and  Librarians. — An  International  Con- 
gress of  Archivists  and  Librarians  was  held  at  Brussels  August  29 
to  31,  1910,  when  the  Institution  was  represented  by  Mr.  Paul 
Brockett,  whose  report  appears  in  tiie  accompanying  appendix. 

MISCELLANEOUS. 

Hambach  collection  of  fossils. — ^The  Institution  has  secured  from 
Dr.  Gustav  Hambach,  of  St.  Louis,  a  collection  of  about  20,000 
specimens  of  fossil  echinoderms  and  other  animals,  with  more  than 
100  types.  Almost  all  the  fossils  were  collected  in  the  Mississippi 
Valley  and  are  the  choicest  obtainable.  The  series  of  Blastoids,  a 
group  of  fossil  ediinoderms,  is  unique.  The  collection  contains 
representatives  of  the  various  classes  of  animals,  among  which  may 
be  mentioned  many  insects  from  the  Cenozoic  formation  in  Colorado; 
many  specimens  of  Paleozoic  fishes,  including  an  especially  inter- 
esting series  of  teeth  and  spines;  a  complete  series  of  fossil  sea- 
urchins;  the  jaws  of  a  Carboniferous  batrachian  over  a  foot  long, 
and  of  a  mastodon. 
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Chinese  photographs. — ^The  Institution  has  received  a  valuable 
aeries  of  large  photographic  negatives  taken  by  Mr.  Bailey  Willis  in 
connection  with  his  geological  work  in  China.  These  photographs 
represent  scenery,  particularly  landscapes  in  which  the  loess  forma- 
tion is  conspicuous,  and  also  Chinese  buildings,  monuments,  and  the 
people  themselves.  The  route  of  the  expedition  through  the  Prov- 
inces of  Chihli,  Shansi,  and  Shensi  led  through  the  district  of  the 
loess  formaticm  and  some  remote  mountain  regions  of  great  interest 
and  scenic  beauty.  Copies  of  many  of  these  photographs  have  been 
famished  at  cost  to  various  institutions  for  educational  purposes. 

NATIONAL  MUSEUM. 

The  most  important  item  of  interest  in  connection  with  the  Na- 
tional Museum  during  the  year  was  the  completion  on  June  20,  1911, 
of  all  structural  work  on  the  new  building,  just  six  years  after  the 
excavations  for  the  foundation  were  commenced.  On  another  page 
the  Assistant  Secretary  in  charge  of  the  Museum  mentions  the  very 
superior  character  of  the  building  for  museum  purposes.  It  is  mas- 
QTe  and  imposing  in  appearance.  It  is  well  lighted.  There  is  little 
room  that  can  not  be  utilized.  More  than  one-half  of  the  10  acres 
of  floor  space  is  placed  at  the  service  of  the  public  in  the  interest  of 
popular  education,  while  the  remaining  space  is  used  for  reserve  col- 
lections and  laboratories  of  the  scientific  departments  and  divisions 
and  for  the  maintenance  of  the  building  and  the  operation  of  the 
heating,  lighting,  and  ventilating  plant.  The  greater  part  of  the 
natural-history  collections,  including  ethnology,  have  been  removed 
to  the  new  structure;  while  in  tiie  old  building  space  is  now  afforded 
for  the  proper  display  of  objects  pertaining  to  the  arts  and  indus- 
tries, induding  the  collection  illustrating  the  graphic  arts  and  the  art 
textiles,  and  also  for  the  large  and  interesting  series  illustrative  of 
American  history.  Although  there  has  as  yet  been  no  formal  dedi- 
cation of  the  new  building,  the  exhibition  halls  are  being  opened  to 
the  public  one  after  another  as  the  reinstallation  of  the  exhibits  pro- 
gresses. It  is  planned  in  the  near  future  to  admit  visitors  to  the 
new  building,  for  a  portion  of  the  day  at  least,  on  Sundays  in  order 
that  the  people  of  Washington  may  be  afforded  a  long-desired  op- 
portunity to  study  the  national  collections  in  their  leisure  hours. 

The  number  of  visitors  to  the  new  building  during  the  year  was 
151,112  and  to  the  old  building  207,010. 

The  auditorium  in  the  new  building  has  been  utilized  for  meetings 
of  various  scientific  bodies  and  important  lectures.  The  First  Ameri- 
can International  Humane  Congress  was  held  there  from  October 
10  to  15, 1910,  and  in  connection  therewith  an  interesting  exhibit  was 
displayed. 

38734^— BM  1911 2 
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The  accessions  received  by  the  Museum  during  the  year  include 
more  than  200,000  specimens  of  animals  and  plants,  besides  6,600 
specimens  relating  to  geology  and  paleontology,  and  about  17,000 
anthropological  objects.  To  the  National  Grallery  of  Art  were  added 
94  paintings  and  engravings.  In  addition,  about  1,600  objects  of 
art  and  anthropology  were  accepted  by  the  Museimi  as  loans  for  ex- 
hibition. Among  important  accessions  that  merit  special  mention 
was  a  collection  of  3,400  ancient  crania,  6,000  bones,  and  1,600  ardieo- 
logical  objects,  gathered  chiefly  in  Peru  by  Dr.  Hrdlicka,  as  men- 
tioned on  another  page.  Other  interesting  archeological  objects  were 
received  from  the  ancient  pueblos  of  Arizona  and  New  Mexico,  be- 
sides a  valuable  series  of  skulls  and  skeletons  from  Arkansas  and 
Mississippi.  About  50,000  specimens  of  moUusks,  collected  in  Alaska 
by  Dr.  William  H.  Dall  between  the  years  1871  and  1899,  were  re- 
ceived during  the  year,  together  with  many  thousands  of  Japanese 
mollusks  from  the  Imperial  University  of  Japan. 

Many  other  interesting  accessions  of  objects  of  zoology,  botany, 
geology,  and  anthropology  are  referred  to  by  the  Assistant  Secre- 
tary in  his  report. 

The  paintings  of  the  National  Grallery  of  Art,  exhibited  in  the 
middle  hall  of  the  new  building,  continue  to  attract  much  public 
attention.  Mr.  William  T.  Evans  has  added  13  canvases  to  his 
notable  gift,  which  now  comprises  127  pictures,  representing  90 
contemporary  American  painters. 

Mr.  Charles  L.  Freer  has  also  added  a  large  number  of  objects  of 
oriental  art  to  his  most  important  gift  to  the  Nation,  the  entire  collec- 
tion remaining,  however,  in  his  keeping  at  Detroit,  Mich. 

The  great  exhibition  halls  of  the  new  building  will  afford  op- 
portimity  for  the  proper  display  of  the  national  collections  illustra- 
tive of  natural  history,  and  especially  such  large  and  striking  objects 
as  groups  of  mammals,  skeletons  of  fossil  vertebrate  animals,  and 
groups  representing  the  habits  and  customs  of  the  races  of  mankind. 
The  collections  pertaining  to  the  ethnology  of  America  had  increased 
year  by  year  so  rapidly  in  extent  that  they  long  ago  outgrew  the 
space  that  could  be  allotted  to  them  in  the  old  building.  In  the  new 
structure  they  are  installed  with  adequate  regard  to  their  size  and 
importance. 

The  loan  collection  of  laces  and  other  art  textiles  has  been  largely 
increased  numerically  and  in  variety  of  contents  imder  the  able 
supervision  of  Mr^.  James  W.  Pinchot,  who  initiated  the  movement. 

The  Museum  has  continued  the  distribution  of  collections  of  dupli- 
cate specimens  to  schools  and  colleges  throughout  the  country.  About 
3,000  specimens,  chiefly  recent  and  fossil  animals,  were  thus  dis- 
tributed during  the  year,  and  about  23,500  duplicate  specimens  were 
used  in  making  exchanges. 
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Considerable  progress  has  been  made  in  arranging  the  large 
quantities  of  natural-history  specimens  collected  by  the  Smithsonian 
African  expedition  and  ther  Smithsonian  biological  survey  of  the 
Panama  Canal  Zone.  Some  of  the  African  mammals  of  greatest 
public  interest  have  been  mounted  in  groups. 

BUREAU  OF  AMERICAN  ETHNOLOGY. 

The  Bureau  of  Ajnerican  Ethnology  has  been  engaged  for  a 
number  of  years  in  scientific  studies  of  the  American  aborigines, 
including  their  arts  and  industries,  government,  religious  and  soci- 
ological systems,  and  languages,  as  well  as  their  mental  and  physical 
diaracteristics,  their  history,  and  antiquities.  Much  has  been  ac- 
complished in  this  direction,  and  many  of  the  results  have  been 
permanently  recorded  and  disseminated  by  means  of  publication; 
but  a  large  body  of  material  still  awaits  final  study  and  arrange- 
ment, and  much  work  remains  to  be  done  both  in  the  field  and  in  the 
office. 

The  investigations  of  the  bureau  have,  however,  reached  a  stage 
at  which  it  has  been  found  possible  to  stmmiarize  some  of  the  results 
in  the  form  of  handbooks,  designed  especially  for  the  use  of  schools 
and  unprofessional  students.  The  demand  for  those  already  issued, 
or  about  to  be  published,  is  very  large.  Many  changes  are  taking 
place  among  the  Indians,  owing  to  their  advance  in  civilization,  and 
for  that  reason  the  researches  are  being  pressed  with  all  possible, 
speed  while  knowledge  of  primitive  conditions  is  still  available.  The 
Indians  form  one  of  the  great  races  of  mankind,  and  the  world 
properly  looks  to  our  (Government  to  gather  and  record  accurate 
knowledge  of  this  branch  of  the  human  family,  while  by  many  the 
work  of  the  Bureau  of  American  Ethnology  is  regarded  as  the  basis 
of  American  history. 

One  of  the  hnmediate  demands  upon  the  bureau  is  vigorous  activity 
in  the  exploration  and  preservation  of  antiquities,  especially  in 
Arizona,  Colorado,  and  New  Mexico,  before  these  important  and 
most  interesting  ruins  are  entirely  destroyed  by  vandalism  or  the 
elements. 

Another  important  work  that  should  speedily  be  undertaken  is 
an  ethnological  study  of  the  Indians  and  Eskimo  of  Alaska  before 
the  advent  of  greater  numbers  of  white  people  shall  have  so  modified 
them  as  to  destroy  their  primitive  character.  So  also  there  is  need 
of  further  activity  in  the  study  of  the  few  survivors  of  Indian  tribes 
in  the  Middle  West 

The  Inireau  has  conducted  various  lines  of  field  work  among  the 
tribes  which  composed  the  Creek  Confederacy  of  the  Southern 
States;  the  Tewa  Indians  of  the  Bio  Grande  Valley,  New  Mexico; 
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the  Winnebago  Indians  of  Wisconsin  and  Nebraska;  the  Piegan, 
Blackfeet,  Cheyenne,  and  Menominee  Indians  of  the  Algonquian 
family;  the  Chippewa  Indians,  especially  with  reference  to  their 
music;  the  Osage  Indians,  now  in  Oklahoma,  and  the  Iroquois  in 
New  York. 

A  study  of  the  past  and  present  population  of  the  Indians,  with 
the  various  causes  of  their  decrease  is  being  conducted. 

Some  very  interesting  studies  were  made  in  Cuba,  indicating  tliat 
the  western  end  of  the  island,  including  the  Isle  of  Pines,  was  once 
inhabited  by  a  cave-dwelling  people  of  low  culture  and  ¥rithout  agri- 
culture. It  is  believed  that  these  people  were  in  that  condition  at 
the  time  of  the  visit  of  Columbus,  and  that  they  were  the  survivors  of 
a  cave-dwelling  population  once  occupying  all  of  Cuba  and  repre- 
sented in  Porto  Rico  and  elsewhere  in  the  West  Indies. 

The  Smithsonian  Institution,  through  its  Bureau  of  American 
Ethnology  in  cooperation  with  the  Archaeological  Institute  of  Amer- 
ica, has  carried  on  excavations  in  prehistoric  cliff  dwellings  and 
pueblo  ruins  in  New  Mexico.  In  one  locality  these  dwellings  extend 
along  the  walls  of  a  canyon  for  about  2  miles.  In  cooperation  with 
the  Colorado  Cliff  Dwellers'  Association,  the  Institution  excavated 
and  repaired  the  celebrated  Balcony  House  in  Colorado.  Excava- 
tions have  also  been  made  in  newly  discovered  cliff  dwellings  and 
other  archeological  remains  in  northwestern  Arizona. 

INTERNATIONAL  EXCHANGES. 

An  idea  of  the  magnitude  of  the  work  conducted  by  this  branch 
of  the  Institution  may  be  obtained  from  the  statement  that  228,698 
packages  were  handled  during  the  year,  an  increase  over  the  number 
for  the  preceding  12  months  of  7,073.  The  weight  of  these  packages 
was  560,808  pounds,  a  gain  of  76,124  pounds. 

The  total  available  resources  for  carrying  on  this  work  were 
$36,964.99,  $32,200  of  which  was  appropriated  by  Congress,  and 
$4,754.99  was  derived  from  the  exchange  repayments  to  the  Insti- 
tution. 

Several  changes  made  during  the  year  in  the  routine  of  the  Ex- 
change Office  have  resulted  in  a  more  economical  and  efficient  admin- 
istration of  the  service. 

It  was  stated  in  the  last  report  that  the  German  authorities  had 
under  consideration  the  founding  in  Berlin  of  an  establishment  to 
promote  cultural  relations  between  Germany  and  the  United  States, 
and  that  one  of  its  functions  would  be  to  conduct  on  behalf  of  Ger- 
many the  international  exchange  of  publications  which  the  Smith- 
sonian Institution  carries  on  for  the  United  States.  This  establish- 
ment, which  is  known  as  the  Amerika-Institut,  was  organized  in  the 
fall  of  1910  and  the  exchange  duties  were  assumed  by  it  on  January 
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.  1, 191L  The  exchange  agency  maintained  by  the  Smithsonian  Insti- 
tution in  Leipzig  was  discontinued  on  the  latter  date. 

Packages  for  Luxemburg  and  Boumania  have  heretofore  been  dis- 
tributed through  the  Leipzig  agency.  Since  its  discontinuance  the 
Amerika-Institut  has  been  good  enough  to  assume  charge  of  the  dis- 
tribution of  packages  in  Luxemburg,  and  the  Academia  Bomana  at 
Bucharest  has  been  asked  to  act  as  the  Roumanian  exchange  inter- 
mediary. 

The  Japanese  Grovemment  has  transferred  the  exchange  agency  of 
that  country  from  the  Department  of  Foreign  Affairs  to  the  Imperial 
Library  at  Tokyo.  The  regular  series  of  United  States  official  docu- 
ments, which  had  been  sent  to  the  former  for  a  number  of  years,  has 
also  been  deposited  in  the  Imperial  Library. 

The  Government  of  the  United  Provinces  of  Agra  and  Oudh, 
Allahabad,  India,  has,  at  its  request,  been  listed  to  receive  a  partial 
set  of  United  States  official  publications,  the  total  number  of  such 
depositories  being  now  34.  The  number  of  depositories  of  full  sets  of 
govemmental  documents  remains  the  same  as  at  the  close  of  last  year, 
namely,  55. 

The  Governments  of  the  Argentine  Bepublic,  Denmark,  and  Great 
Britain  have  entered  into  the  immediate  exchange  of  their  parlia- 
mentary record  during  the  past  year,  29  countries  now  taking  part 
in  this  exchange  with  the  United  States. 

Important  collections  of  foreign  publications  have,  through  the 
efforts  of  the  Exchange  Office,  been  obtained  during  the  past  year 
for  the  Library  of  Congress  and  for  several  other  establishments  of 
the  Government. 

NATIONAL  ZOOLOGICAL  PARK. 

The  accessions  to  the  Zoological  Park  during  the  past  year  were 
335  animals,  and  the  total  number  of  animals  on  hand  June  30, 1911, 
was  1,414,  representing  376  species  of  mammals,  birds,  and  reptiles, 
about  20  species  being  new  to  the  park. 

Among  the  important  additions  to  the  collections  I  may  mention  a 
pair  of  northern  fur  seals  from  Alaska,  a  hippopotamus,  an  East  Af- 
rican buffalo,  three  prong-horn  antelopes,  a  pair  of  reindeer,  and  a 
large  Asiatic  macaque  monkey. 

The  number  of  visitors  was  621,440,  or  a  daily  average  of  1,428. 
As  an  indication  of  the  educational  value  of  the  park,  it  may  be  men- 
tioned that  it  was  visited  by  169  schools,  classes,  etc.,  with  4,966 
pupils,  an  increase  of  about  a  thousand  over  the  year  preceding. 
While  most  of  the  classes  were  from  the  District  of  Columbia,  some 
of  them  belonged  in  various  parts  of  the  country,  including  all  the 
New  England  States,  New  York,  Pennsylvania,  and  North  Carolina. 
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The  equipment  of  the  Zoological  Park,  both  as  regards  the  accom- . 
modations  for  the  collections  and  facilities  for  visitors,  is  still  in- 
adequate and  is  inferior  to  that  of  other  establishments  of  the  kind 
of  equal  importance. 

Many  of  the  animals  are  kept  in  temporary  quarters  that  are  in* 
sufficient  in  size,  more  or  less  insanitary,  and  quite  costly  to  maintain. 
This  is  particularly  true  of  the  fine  series  of  birds,  which  includes 
some  of  exceptional  interest  and  rarity.  The  rough  temporary  build- 
ing in  which  they  are  now  kept  is  too  small  for  the  exhibition  of  the 
entire  collection  and  the  conditions  are  such  that  it  is  difficult  to  keep 
the  birds  in  a  good  state  of  health.  In  a  suitable  structure  the  bird 
collection  would  be  one  of  the  most  attractive  features  of  the  park. 

Permanent  paddocks  are  also  needed  for  the  hardy  deer,  wild 
sheep,  goats,  and  cattle,  which  are  now  scattered  in  temporary  indo- 
sures,  some  of  them  altogether  imsuitable. 

A  new  bridge  across  Bock  Creek  is  urgently  needed  to  replace  the 
present  temporary  log  structure,  and  it  should  be  of  a  permanent 
character  and  sufficiently  wide  to  provide  for  the  greatly  increased 
travel  when  the  valley  of  Rock  Creek  is  fully  developed. 

The  roadways  and  walks  in  the  park  were  greatly  improved  at  the 
cost  of  a  special  appropriation  for  that  purpose.  Nearly  a  mile  of 
the  roads  were  treated  either  by  reshaping  and  supplying  a  top  layer 
of  stone  or  by  regrading  and  furnishing  the  entire  thickness  of  road- 
bed metal.  About  If  miles  of  walks  were  also  laid  or  repaired  and  steps 
were  constructed  where  grades  had  before  been  too  steep.  A  consid- 
erable amount  of  work  was  also  done  to  provide  proper  drainage. 

ASTROPHYSICAL  OBSERVATORY. 

The  Astrophysical  Observatory  has  been  engaged  in  three  principal 
lines  of  work  during  the  year. 

Observations  by  the  spectrobolometric  method  were  continued  in 
order  to  confirm  the  view  referred  to  in  last  year's  report  that  the 
determinations  of  the  intensity  of  the  solar  radiation  outside  the 
earth's  atmosphere  are  independent  of  Oxe  observer's  altitude  above 
sea  level,  provided  the  conditicms  are  otherwise  good.  Observations 
for  the  "  solar  constant "  were  accordingly  taken  on  Mount  Whitney 
in  the  summer  of  1910,  where  opportunity  was  afforded  also  for 
measurements  of  the  brightness  of  the  sky  by  day  and  by  night,  the 
influence  of  the  water  vapor  on  the  sun's  spectrum,  and  the  distribu- 
tion of  the  sun's  energy  spectrum  outside  the  atmosphere.  The  re- 
sults of  these  observations  show  no  discrepancy  due  to  altitude  be- 
tween Mount  Wilson  (5,840  feet)  and  Mount  Whitney  (14,602  feet). 

It  also  seemed  important  to  confirm  by  further  observation  the 
variability  of  the  solar  constant  of  radiation.  Observations  were  ac- 
cordingly continued  daily  at  Moimt  Wilson  until  November  10, 1910, 
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and  renewed  again  on  June  11, 1011,  which  tend  to  confirm  the  con- 
clnsiQn  that  the  sun's  output  of  radiation  varies  from  day  to  day  in 
a  manner  irr^ular  in  period  and  quantity.  Assurance  seems  now 
complete  that  this  latter  result  will  be  tested  during  the  next  fiscal 
year  by  long-continued  daily  observations  taken  simultaneously  at 
two  widely  separated  stations,  where  the  atmosphere  is  believed  to  be 
specially  favorable  for  such  research.  The  definite  determination  of 
the  laws  governing  the  apparent  variability  of  the  ^  solar  constant  ^ 
it  is  expected  will  be  of  much  value  in  the  probable  forecast  of 
climatic  conditions  from  year  to  year. 

Measurements  have  also  been  made  of  the  transparency,  for  long 
wave  radiation,  of  columns  of  air  containing  known  quantities  of 
water  vapor.     This  line  of  research  promises  highly  interesting  results. 

As  mentioned  on  another  page,  arrangements  have  been  made  with 
several  observatories,  widely  separated  through  the  world,  for  the 
use  of  the  standard  silver-disk  secondary  pyrheliometer  designed  by 
the  director  of  the  Smithsonian  Astrophysical  Observatory.  It  is 
hoped  to  thus  secure  not  only  uniformity  of  radiation  measures,  but 
ibo  a  more  exact  knowledge  of  solar  radiation  and  the  influence  of 
file  terrestrial  atmosphere  upon  it 

INTERNATIONAL  CATALOGUE  OF  SCIENTIFIC 
LITERATURE. 

The  International  Catalogue  of  Scientific  Literature  publishes, 
through  the  cooperation  of  countries  in  all  parts  of  the  world,  a 
current  classified  index  to  the  literature  of  science.  Seventeen  volumes 
have  been  published  annually,  beginning  with  the  literature  of  1901. 
The  organization  consists  of  a  central  bureau  in  London  and  regional 
bureaus  established  in  and  supported  by  the  82  countries  taking  part 
in  the  enterprise.  Supreme  control  of  the  catalogue  is  vested  in  an 
international  convention,  which  met  in  London  July,  1905,  and  July, 
1910,  and  is  to  meet  every  tenth  year  hereafter.  The  second  inter- 
national convention  met  in  London  at  the  rooms  of  the  Royal  Society 
on  July  12  and  13,  1910,  and  Mr.  Leonard  C.  Gunnell,  assistant  in 
charge  of  the  United  States  regional  bureau,  was  sent  by  the  Insti- 
tution as  the  delegate  from  the  United  States.  The  convention  de- 
cided that  on  account  of  the  success  already  achieved  by  the  Interna- 
tional Catalogue  and  the  great  importance  of  the  objects  promoted, 
the  enterprise  would  be  continued.  Attention  was  called  to  the  ur- 
gent need  of  a  permanent  fund  to  aid  in  carrying  on  and  extending 
the  work.  It  was  pointed  out  that  although  various  regional  bureaus 
for  the  collection  of  material  were  supported  by  the  countries  in 
which  they  were  located,  the  maintenance  of  the  central  bureau  for 
general  administration  and  actual  publication  of  the  17  annual  vol- 
umes was  dependent  entirely  on  the  funds  derived  from  the  sub- 


Digitized  by  CjOOQIC 


24  ANNUAL  EEPOBT  SMITHSONIAN  INSTITUTION,  IWl. 

scribers  to  the  published  volumes.  Though  every  care  has  been  used 
to  edit  and  publish  the  work  in  the  most  economical  way,  the  income 
of  the  central  bureau  has  proved  to  be  insufficient  to  med^  current 
expenses  and  in  addition  pay  interest  on  approximately  $35,000  of 
borrowed  capitaL 

As  a  more  detailed  report  of  the  work  of  the  bureau  and  of  the 
proceedings  of  the  convention  will  be  found  in  the  appendix  to  this 
report,  it  will  be  sufficient  here  to  call  attrition  to  the  great  value 
and  importance  of  the  work,  and  to  say  that  it  would  be  difficult  to 
find  an  enterprise  more  deserving  of  endowment  A  capital  fund, 
yielding  an  annual  income  of  from  $5,000  to  $10,000,  would  enable 
the  central  bureau  not  only  to  broaden  the  scope  of  the  catalogue 
but  also  to  reduce  the  subscription  price  now  charged  for  the  annual 
voliunes.  This  charge  is  $85  per  year  which,  although  not  large 
when  the  amount  of  matter  published  is  considered,  is  found  to  be 
far  beyond  the  means  of  many  who  would  otherwise  be  glad  to 
avail  themselves  of  this  impcnrtant  aid  to  scientific  research. 

The  Smithsonian  Institution  has  a  peculiar  interest  in  the  Inter- 
national Catalogue,  for  the  reason  that  Uie  original  idea  was  con- 
ceived by  the  first  Secretary  of  the  Institution  in  1855.  The  Boyal 
Society  through  its  Catalogue  of  Scientific  Papers  later  partly 
carried  out  Secretary  Henry's  idea.  Experience  proved  that  the 
enterprise  was  too  great  for  any  one  society,  or,  indeed,  any  one 
nation,  to  imdertake,  and  the  Smithsonian  Institution,  representing 
the  United  States,  joined  in  the  movement  to  make  the  work 
international. 

The  history  of  this  international  movement  is  briefly  as  follows : 

The  British  foreign  office  in  1894,  at  Uie  instance  of  the  Boyal 
Society,  requested  the  United  States  Government,  through  the  De- 
partment of  State,  to  send  delegates  to  a  conference  to  be  held  in 
Lfondon  in  1896.  The  matter  was  referred  to  the  Smithsonian 
Institution,  and  the  late  Prof.  Simon  Newcomb  and  Dr.  John  S. 
Billings  were  sent  as  delegates.  The  second  conference  was  held  in 
1898,  and  Dr.  Cyrus  Adler,  librarian  of  the  Smithsonian  Institution, 
attended  as  a  delegate. 

In  1901,  when  success  or  failure  depended  on  obtaining  the  co- 
operation of  the  United  States  in  the  enterprise,  the  Smithsonian 
Institution  agreed  to  and  did  support  a  regional  bureau  from  that 
time  imtil  1906,  when  Congress  made  its  first  annual  appropriation 
to  carry  on  the  work  in  this  country.  It  will  thus  be  seen  that  in  each 
step  the  United  States  has,  through  the  Smithsonian  Institution,  been 
prominent  in  the  movement,  and  it  would  be  a  matter  of  much 
gratification  if  now  that  the  enterprise  has  been  so  auspiciously 
started  it  could  be  further  aided  by  an  endowment  fund  originating 
in  this  country. 
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NECROLOGY. 
MELvuiiE  Weston  Fuller. 

It  becomes  my  duty  to  record  here  the  death  of  Chief  Justice  Mel- 
ville Weston  Fuller,  Chancellor  of  the  Smithsonian  Institution,  who 
was  bom  at  Augusta,  Maine,  February  11, 1833,  and  died  at  his  sum- 
mer home,  Sorrento,  Maine,  July  4,  1910.  For  22  years  prior  to  his 
death,  Chief  Justice  Fuller  had  been  deeply  interested  in  the  welfare 
of  the  Institution,  and  only  on  one  occasion  was  he  absent  from  a 
meeting  of  the  Begents  during  the  entire  period  of  his  service  as  a 
member  of  the  board. 

Daring  his  long  and  useful  life  Justice  Fuller  served  his  country 
faithfully  in  several  civil  offices  of  trust  and  as  Chief  Justice  of  the 
Supreme  Court  of  the  United  States.  His  achievements  as  a  jurist 
were  most  adequately  portrayed  by  the  resolutions  and  eulogies  pro- 
nomiced  in  his  memory  at  a  meeting  of  members  of  the  bar  of  the 
Supreme  Court  <m  December  10,  1910,  and  at  the  session  of  the 
Supreme  Court  on  January  8, 1911. 

The  Board  of  Regents  of  the  Smithsonian  Institution  expressed 
their  sorrow  in  the  following  words  of  tribute  adopted  at  the  annual 
meeting  of  the  board  on  December  8, 1910: 

Whereas  the  Board  of  Begents  of  the  Smithsonian  Institution  have  received 
the  sad  intelligence  of  ihe  death,  on  July  4,  1910,  of  MelviUe  Weston  Fuller, 
Chief  Jastice  of  the  United  States,  and  for  tw^ity-two  years  chancellor  of  the 
InsUtiition :  Therefore  be  it 

Resolved,  That  we  desire  here  to  record  our  profound  sorrow  at  the  severing 
of  Uie  tie  that  has  bound  us  to  him  for  bo  long  a  period  of  honored  service; 
that  we  feel  keenly  the  loss  of  a  wise  presiding  officer,  whose  vast  store  of 
learning  and  gracious  dignity  have  proved  so  invaluable  in  the  deliberations 
of  this  board,  and  whose  loyal  interest  in  the  Smithsonian  Institution  has  been 
a  aoarce  of  inspiration  to  his  coUeagues. 

Resolved,  That  we  share  in  the  grief  of  the  Nation  at  the  passing  away  of 
one  who  was  at  once  a  distinguished  leader  of  the  greatest  legal  tribunal  of 
our  land,  an  eminent  Jurist,  a  patriotic  citizen,  a  shining  example  of  Christian 
gentleness,  and  who  also  possessed  so  charming  a  personaUty  as  a  man  and  as 
a  friend. 

Resolved,  That  we  respectfully  tender  to  the  members  of  the  family  of  our 
late  associate  our  sincerest  sympathy  in  their  ^eat  bereavement. 

Resolved,  That  an  engrossed  copy  of  these  resolutions  be  transmitted  to  the 
family  of  the  late  chancellor. 

Respectfully  submitted, 

Charles  D.  Walcott,  Secretary. 
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Appendix  L 

REPORT  ON  THE  UNITED  STATES  NATIONAL  MUSEUM. 

Sjb  :  I  have  the  honor  to  Bubmit  the  following  report  on  the  operations  of  the 
United  States  National  Maseum  for  the  fiscal  year  ending  June  30,  1011  : 

COlfPLETION  AND  OCCUPATION  OF  THE  NEW  BUILDlNa. 

It  la  gratifying  to  be  able  to  report  the  completion  of  all  stmctnral  work  on 
the  new  building  for  the  Museum  on  June  20,  1011,  just  six  years  after  tbe 
excavations  for  Its  foundations  were  commmiced.  While  the  time  limit  orig- 
inally estimated  was  somewhat  exceeded  on  account  of  delays  In  the  fulfillmeDC 
of  certain  contracts,  the  worlc  was  purposely  conducted  slowly  in  order  to 
insure  entire  stability  and  permanency  of  construction,  which  It  Is  coafld^itly 
believed  have  been  secured.  The  building  is  massive  and  imposing  in  appear- 
ance, a  notable  addition  to  the  group  of  Government  structures  at  the  Capital, 
and  has  already  been  proved  to  be  admirably  adapted  to  the  purposes  for 
which  it  was  desljgned. 

There  is  comparatively  little  room  in  the  building  that  can  not  be  utilized. 
Of  the  approximately  10  acres  of  floor  space  which  it  contains,  fully  one-half 
has  been  allotted  to  the  public  In  the  interest  of  popular  education.  The  other 
half,  after  deducting  the  area  required  for  the  malntaiance  and  operation  of  the 
building,  is  assigned  to  the  storage  of  the  reserve  collections  and  to  the  labora- 
tories. The  occupation  of  the  building  did  not  await  its  final  completion,  but 
was  begun  during  the  summer  of  1000,  and  has  been  continued  as  rapidly  as 
the  necessary  furniture  could  be  provided. 

The  work  done  on  and  in  connection  with  the  building  during  last  year  com- 
prised the  finishing  of  the  rotunda,  the  south  approaches,  and  the  auditorium ; 
the  painting  of  the  interior  plastered  walls  and  ironwork;  and,  undo:  the 
direction  of  the  officer  in  charge  of  public  buildings  and  grounds,  the  grading 
and  sodding  of  the  grounds  immediately  surrounding  the  building  and  the 
construction  of  roads  and  walks  leading  to  the  several  entrance& 

By  the  close  of  the  year  essentially  all  of  the  reserve  collections  and  all  of 
the  laboratories  of  the  several  divisions  of  anthropology,  zoology,  geology,  and 
paleontology  had  been  established  in  the  new  building,  as  had  also  most  of 
the  administrative  offices  which  are  to  be  located  there.  The  collections  had, 
moreover,  been  nearly  all  arranged  in  a  manner  convenient  for  study  and 
referwace,  and  in  greater  part  had  received  their  permanent  systematic  installa- 
tion. Much  remains  to  be  done,  however,  in  perfecting  this  arrangement  and 
in  completing  the  catalogues  and  indexes. 

The  exhibition  collections  had  also  been  moved  with  the  exception  of  the 
American  mammals,  the  birds,  the  marine  Invertebrates,  the  osteologlcal  speci- 
mens, the  fossil  plants,  the  building  stones,  the  gems,  and  a  small  section  of 
ethnology.  The  only  public  installations  that  had  been  completed  in  the  new 
building,  besides  the  paintings  of  the  J^atlonal  Gallery  of  Art,  were,  however, 
of  ethnology,  which  occupied  the  sides  and  ends  of  the  middle  hall  on   the 
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main  floor,  and  most  of  the  two  adjacent  ranges.  To  these  halls  in  greater  or 
less  part  the  public  had  been  admitted  from  March  17,  1910,  when  the  building 
was  first  opened.  Work  was  actively  progressing  in  the  preparation  of  the 
exhibits  for  all  of  the  other  branches,  the  delays  being  due  in  large  measure 
to  the  slow  rate  at  which  furniture  was  supplied,  and  had  been  well  advanced 
toT  archeology,  mineralogy,  and  the  fossil,  vertebrates. 

AIH>ITI0N8   TO   THE   COLLECTIONS. 

The  permanent  acquisitions  received  during  the  year  comprised  approxi- 
mately 228,642  specimois  and  objects,  of  which  204,540  were  of  animals  and 
plants,  6,647  were  geological  and  paleontologies  1,  17,861  belonged  to  the  several 
divisions  included  in  the  dQ;>artment  of  anthropology,  and  94  were  paintings 
and  engravings  presented  to  the  National  Gallery  of  Art.  In  addition,  1,629 
objects  of  art  and  anthropology  were  accepted  as  Idans  for  exhibition. 

One  of  the  most  important  accessicms  of  the  year  resulted  from  an  Investi- 
gation in  Argentina,  conducted  under  the  auspices  of  the  Smithsonian  Insti- 
totion  by  Dr.  Alefi  HrdlUHca,  curator  of  physical  anthropology,  partly  in  con- 
junction with  Mr.  Bailey  Willis  as  geologist,  for  the  purpose  of  determining 
the  nature  and  value  of  the  evid^ce  relating  to  man's  antiquity  in  that 
country.  The  skeletal  and  archeological  remains  attributed  to  early  man  or 
his  forerunners  preserved  in  the  museums  were  studied,  the  more  important 
localities  where  such  remains  have  been  discovered  were  visited,  and  on  the 
journey  to  and  from  Argentina  short  stops  were  made  in  Brazil,  Peru, 
Panama,  and  Mexico.  Some  3,400  ancient  crania,  6,000  long  and  other  bones, 
and  1,500  archeological  objects  of  human  manufacture  composed  the  collec- 
tion brought  to  Washington.  A  large  number  of  prehistoric  utensils,  im- 
plements, ornaments,  examples  of  weaving,  etc.,  obtained  by  Dr.  J.  W.  Fewkes 
during  excavations  in  the  Navaho  National  Monument  and  at  the  ancient 
Hopi  pueblo  of  Wukoki  at  Black  Falls,  Little  Colorado  River,  Ariz.,  were 
transferred  by  the  Bureau  of  American  Ethnology.  Ck)llections  of  a  similar 
character,  but  including  ancient  human  crania  and  skeletons,  from  the  north- 
eastern pueblo  region  of  New  Mexico,  were  received  from  the  School  of 
American  Archaeology  of  the  Arch»ological  Institute  of  America,  at  Santa  Fe, 
and  a  valuable  series  of  skulls  and  skeletons  from  Arkansas  and  Mississippi 
was  presented  by  Mr.  Clarence  B.  Moore. 

Two  interesting  ethnological  collections,  one  from  Liberia  the  other  from 
Abyssinia,  were  lent  for  exhibition  by  Mr.  George  W.  Ellis,  Jr.,  and  Mr.  Hoff- 
man Philip,  respectively,  and  a  number  of  specimens  relating  to  the  Indians 
of  North  America  were  acquired  by  gift  and  purchase. 

The  final  shipments  from  the  Smithsonian  African  expedition,  which  arrived 
in  the  early  part  of  the  year,  contained  several  thousand  specimens  of  mammals, 
birds,  r^tiles,  fishes,  and  mollusks.  The  notable  collection  of  mammals 
belonging  to  Dr.  O.  Hart  Merriam  and  consisting  of  about  6,800  skins,  6,000 
dnills,  and  100  complete  skeletons,  was  secured  through  the  generosity  of  Mrs. 
S^dward  H.  Hanlman,  of  New  York,  by  whom  it  was  purchased  and  donated 
to  the  Institution.  The  other  principal  additions  of  mammals  were  from 
British  East  Africa,  Abyssinia,  and  China ;  while  of  birds  the  more  important 
contributions  were  from  North  and  Central  America,  the  Philippine  Islands, 
and  China.  The  United  States  Biological  Survey  and  the  United  States 
Bnreau  of  Fisheries  transmitted  many  reptiles  from  various  parts  of  the 
Ignited  States  and  Mexico,  and  the  latter  also  an  interesting  series  from  the 
Philippines.  The  fishes  received  were  mainly  from  explorations  by  the  Bureau 
of  Fisheries  in  the  eastern  part  of  the  United  States.    Large  numbers  of 
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insects  w^e  dQ;)08ited  by  the  Bureau  of  Entomology,  and  Important  collecti<His 
of  hymenoptera  were  presented  by  Mr.  8.  A.  Bobwer  and  Mr.  P.  B.  Myert. 

An  especially  noteworthy  accession  consisted  of  the  collection  of  moUusks 
made  in  Alaska  by  Dr.  William  H.  Dall  while  in  the  field  for  the  United 
States  Coast  and  Geodetic  Survey,  and  later  for  the  United  States  Geological 
Survey,  between  1871  and  1899.  It  comprises  about  15,000  lots  and  80,000 
specim^is,  and  is  undoubtedly  the  largest  collection  of  the  shells  of  moderate 
depths  of  water  that  has  ever  been  assembled  from  that  region.  Anoth^ 
extensive  contribution  of  mollusks,  consisting  of  many  thousands  of  Japanese 
specimens,  was  obtained  from  the  Imperial  University  of  Tokyo.  Important 
type  collections,  recently  described,  of  isopod  crustaceans,  medusae,  hydroids, 
and  siphonophores,  from  explorations  by  the  steamer  Albatross  in  the  Pacific 
Ocean  and  at  the  Philippine  Islands,  were  transferred  by  the  Bureau  ot 
fisheries.  Decapod  crustaceans,  representing  a  large  number  of  species,  were 
received  from  the  Indian  Museum  at  Calcutta;  many  isopods  from  several 
Fr^ich  explorations,  including  the  Charcot  expedition  to  the  Antarctic  Ocean, 
were  obtained  from  the  Museum  d'Histoire  Naturelle  at  Paris;  and  an  inter- 
esting series  of  recent  crinoids  was  secured  from  the  Zoological  Museum  at 
Copenhagen. 

The  collection  of  plants  was  increased  by  over  88,000  ^)ecimens,  of  which 
the  largest  contributions  were  from  the  biological  survey  of  the  Panama  Canal 
Zone  and  the  Departmait  of  Agriculture,  though  many  specimens  were  obtained 
from  the  Bureau  of  Fisheries,  and  by  gift  and  exchange.  On  the  biological 
survey  of  the  Canal  Zone,  which  is  being  carried  on  under  the  auspices  of  the 
Smithsonian  Institution,  the  Museum  was  represented  during  the  year  by  one 
member  of  its  staff,  Mr.  W.  B.  Maxon,  assistant  curator  of  plants.  Mr.  Maxon 
spent  about  two  and  one-half  months  in  the  field,  working  in  conjunction  with 
Mr.  Henry  Pittler,  who  is  in  charge  of  the  botanical  investigations,  and  in 
view  of  the  richness  of  the  region  the  exploration  yielded  exceedingly  important 
results.  Dr.  J.  N.  Bose,  associate  curator  of  plants,  and  Dr.  Paul  Bartsch, 
assistant  curator  of  mollusks,  were  members  of  an  expedition  by  the  Bureau 
of  Fisheries  steamer  AlhatrosSf  which  visited  Guadaloupe  Island,  proceeded 
down  the  outer  coast  of  Lower  California  and  ascended  the  Gulf  of  California 
for  a  considerable  distance.  Valuable  series  of  marine  animals  and  of  plants 
were  secured,  the  former  mostly  by  means  of  dredging,  the  latter  during 
stops  made  along  the  coast. 

The  accessions  in  geology  and  mineralogy  from  the  Geological  Survey  and 
other  sources  contained  much  interesting  material  and  a  number  of  type 
specimens.  Especially  important  were  several  type  series  of  Cambrian  fossils 
described  by  Dr.  Charles  D.  Walcott,  and  included  in  the  noteworthy  discoveries 
resulting  from  his  recent  explorations  in  British  Columbia.  Investigations  in 
Kentucky  and  Tennessee  by  Dr.  R.  S.  Bassler  and  Mr.  Frank  Springer  yielded 
valuable  collections  of  Silurian  and  Mlsslssippian  fossils.  In  vertebrate 
paleontology  the  more  important  additions  consisted  of  mammalian  and  rep- 
tilian remains  obtained  in  exchange. 

An  interesting  series  of  articles  of  nickel  produced  by  the  late  Joseph  Whar- 
ton, of  Philadelphia,  who  was  recognized  as  the  leader  in  the  technology  of 
this  metal,  was  received  as  a  donation  from  the  executors  of  his  estate. 
Tills  collection,  which  had  been  preserved  by  Mr.  Wharton  in  a  cabinet  at  his 
home,  comprises  over  60  pieces,  including  pure  nickel  in  several  forms,  harness 
and  door  trimmings,  household  utensils,  forceps,  magnetic  needles,  coinage 
blanks,  etc.,  and  is  of  much  historical  value. 

The  historical  collection  was  greatly  enriched,  mainly  by  loans,  and,  by 
extending  the  exhibition  space  into  a  second  hall,  its  installation  has  been  mueli 
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improyed.  Rear  Admiral  R.  E.  Peary,  United  States  Navy,  retired,  deposited 
the  many  medals  conferred  upon  him  by  various  geographical  societies  in  rec- 
ognition of  his  serrice  to  science  in  arctic  exploration ;  the  silyer  model  of  a 
ship  and  three  loving  cnps  presented  to  him;  and  two  of  the  flags  that  he 
carried  to  the  North  Pole  in  1909 ;  all  of  which  have  been  arranged  together  in 
a  single  case.  Important  additions  to  the  collection  of  memorials  of  the 
Bailey-Myers-Mason  family  were  received  fr<Mn  Mrs.  Julian  James;  valuable 
memorials  of  the  Salter  and  Godwise  families  of  colonial  and  revolutionary 
New  York  and  New  Jersey  were  lent  by  Miss  Louise  Salter  Godwise ;  and  inter- 
esting relics  of  the  Schenck  family  of  New  Jersey  dating  back  three  generations 
were  contributed  by  Dr.  Clara  S.  Ludlow.  The  Gustavus  Vasa  Fox  collection 
of  Russian  memorials  was  materially  increased,  and  11  pieces  of  furniture 
that  once  belonged  to  Gen.  Rufus  Putnam  were  received  as  a  gift  from  his 
great-grandson,  the  late  Judge  E.  M.  P.  Brister.  An  inhaler  of  the  type  used 
by  Dr.  William  T.  G.  Morton  in  1846.  in  the  first  operation  which  he  performed 
with  the  use  of  ether  as  an  anesthetic,  and  two  busts  of  Dr.  Morton  were 
presented. 

NATION  AX  GALLERY  OF  ABT. 

The  paintings  of  the  National  Gallery  of  Art  continue  to  be  exhibited  }n  the 
large  middle  hall  of  the  new  building,  the  coitral  part  of  which  was  fl^)ecially 
fitted  up  for  the  purpose  in  1910.  While  these  quarters  are  already  too  re- 
stricted for  the  needs  of  the  Gallery,  the  excellent  lighting  of  this  space  makes 
pofiBlble  an  entir^y  satisfactory  installation,  which  has  attracted  much 
attention. 

Mr.  William  T.  Evans,  of  New  York,  added  13  canvases  to  his  notable  collec- 
tion of  the  works  of  contemporary  American  painters,  which  now  comprises  127 
pictures  representing  90  artists.  Mr.  Bvans  also  pres^ited  81  examples  of  a 
series  of  100  proofs  designed  to  illustrate  the  work  of  the  foremost  American 
wood  engravers,  which  he  announced  some  time  ago  his  intention  to  contribute. 
Mr.  Charles  L.  Freer,  whose  important  gift  to  the  Nation  of  American  and  ori- 
ental art  still  remains  in  his  keeping  at  Detroit,  Mich.,  secured  many  valuable 
additions  for  his  coDection  during  an  extended  trip  abroad,  much  of  which  was 
q)eDt  in  China.  The  Gallery  was  fortunate  in  obtaining  several  interesting 
loans,  hiclnding  numerous  examples  of  the  paintings  of  early  masters,  and 
contributed  to  a  number  of  Important  exhibitions  held  in  other  cities. 

ABT  TEXTILES. 

The  loan  collection  of  laces  and  other  art  textiles,  which  occupies  one  of  the 
northern  ranges  In  the  older  Museum  building,  was  very  largely  increased 
both  numerically  and  in  the  variety  of  its  contents.  Thirty-two  loan  contri- 
butions and  three  gifts,  comprising  249  specimens,  many  of  great  beauty  and 
Talne,  brought  the  total  number  of  specimens  on  exhibition  up  to  1,007.  The 
snpervlsion  of  the  collection  has  been  continued  by  Mrs.  James  W.  Pinchot, 
to  whose  initiative  and  subsequent  efforts,  with  the  active  cooperation  of  a 
uumber  of  ladies  of  Washington,  the  movement  owes  its  success. 

MISCELLANEOUS. 

Of  duplicate  specimens  taken  from  the  collections,  over  :^,0<J0,  principally  of 
recent  animals  and  fossils,  were  distributed  to  schools  and  colleges,  and  about 
23,500  were  used  in  making  exchangea  Approximately  24,600  specimens  of 
various  kinds  were  sent  for  study  to  specialists  both  in  this  country  and  abroad, 
nmlnly  to  be  worked  up  and  identifled  for  the  Museum. 
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The  total  number  of  ylBitoni  to  the  older  Musemn  building  was  207,010,  to 
the  Smithsonian  building  167,085,  and  to  the  new  Museum  building  151412. 
Ck)nsidering  that  the  buildings  have  been  opened  only  during  working  hours 
on  weelc  days,  this  is  to  be  regarded  as  a  foir  att^idance.  That  it  was  smallest 
at  the  new  building  was  owing  to  the  fact  that  less  than  cmeHiixth  of  the 
exhibition  space  had  been  made  ready  for  the  public 

The  publications  issued  comprised  the  annual  report  for  1910,  two  Tolunies 
of  Proceedings,  five  bulletins,  one  volume  of  Ck)ntributions  from  the  National 
Herbarium,  and  a  large  number  of  separate  papers  belonging  to  three  nnfln- 
ished  volumes  of  Proceedings  and  two  of  Contributiona  With  the  excexyticm 
of  the  annual  report,  all  were  descriptive  of  material  in  the  Museum  collectiona. 
The  number  of  copies  of  the  various  publications  distributed  was  over  llO^OOa 

By  the  addition  of  0,127  books,  pamphlet^  and  periodicals,  the  Moaeiim 
library  was  increased  to  40^211  volumes  and  66,074  unbound  publications. 

The  auditorium  in  the  new  building  was  used  on  several  occasions  for  meet- 
Inlps  of  Important  scl^tiflc  bodies.  The  sessions  of  the  First  American  Inter- 
national Humane  Congress,  in  connection  with  which  an  interesting  exhibit 
was  installed,  were  also  hdd  here  from  October  10  to  15, 1910. 

The  position  of  head  curator  of  the  department  of  biology,  made  vacant  by 
the  designation  of  Dr.  F.  W.  True  as  an  Assistant  Secretary  of  the  Institution 
on  June  1,  was  filled  by  the  appointment  of  Dr.  Leonhard  Stejneger,  curator 
of  reptiles  and  batrachian&  For  convenience  of  administration,  the  divisicms 
of  invertebrate  paleontology,  vertebrate  paleontology,  and  paleobotany  were 
combined,  under  the  title  of  sections,  in  a  single  division  of  paleontology,  with 
Dr.  R.  S.  Bassl^  as  curator. 

Respectfully  submitted. 

Richard  Rathbun, 
Aaaiatant  Secretary  in  Charge,  V.  8.  National  Museum, 

Dr.  Chablbs  D.  Waloott, 

Secretary  of  the  Smithsonian  Institution, 

NOVKMBEB  18,  1911. 
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Appendix  IL 

BBPORT  ON  THE  BUREAU  OF  AMERICAN  ETHNOLOGY. 

8ib:  I  have  the  honor  to  present  the  following  report  on  tbe  operatkNis  of  the 
Buean  of  American  Ethnology  during  the  fiscal  year  ending  Jane  80, 1911,  con- 
ducted In  accordance  with  the  proTisions  of  the  act  of  CX)ngre88  approved  June 
25,  1910,  authorizing  the  continuation  of  ethnological  researches  among  the 
American  Indians  and  the  natlTes  of  Hawaii,  under  the  direction  of  the  Smith- 
soDlan  Institution,  and  in  accordance  with  the  plan  of  operations  approved  by 
tbe  Secretary  June  15,  1910. 

Tbe  systematic  ethnological  researches  of  the  bureau  were  continued  during 
the  year  with  the  regular  scientific  stafT,  consisting  of  nine  ethnologists,  as 
foUowa:  Mr.  F.  W.  Hodge,  ethnologist  in  charge;  Mr.  James  Mooney,  Dr. 
J.Walter  Fewkes,  Mrs.  Matilda  Coxe  Stevenson,  Mr.  J.  N.  B.  Hewitt,  Dr.  John  R. 
Swanton,  Dr.  Truman  Michelson,  Dr.  Paul  Radln,  and  Mr.  Francis  La  Flesche. 
In  addition  the  services  of  several  specialists  in  their  respective  fields  were 
(Blisted  for  special  work,  as  follows : 

Dr.  Franz  Boas,  honorary  philologist,  with  several  assistants,  for  research  in 
connection  with  the  preparation  and  publication  of  tbe  Handbook  of  American 
Indian  Langnagea 

Mias  Alice  C.  Fletcher  and  Mr.  Francis  La  Flesche,  for  the  final  revision  of 
the  proofii  of  their  monograph  on  the  Omaha  Indians  for  publication  in  the 
twenty-seventh  annual  report 

Mias  Frances  Densmore,  for  researches  in  Indian  music. 

Mr.  J.  P.  Dunn,  for  studies  of  the  tribes  of  tbe  Middle  West 

Mr.  John  P.  Harrington,  for  researches  among  the  Mohave  Indians  of  the 
Colorado  YMey. 

Rev.  Dr.  George  P.  Donehoo,  for  Investigations  in  the  history,  geogrnphy,  and 
etlmology  of  the  tribes  of  Pennsylvania  for  Incorporation  in  the  Handbook  of 
American  Indians. 

Mr.  William  R.  Gerard,  f6r  studies  of  the  etymology  of  Algonqulan  place 
tnd  tribal  names  and  of  terms  that  have  been  incorporated  in  the  Bnglish 
laosinge  for  use  in  the  same  work. 

Pwf.  H.  M.  Ballon,  for  bibliographic  research  in  connection  with  the  com- 
pilation of  the  List  of  Works  Relating  to  Hawaii 

Mr.  James  R.  Murle,  for  researches  pertaining  to  the  ethnology  of  tbe  Pawnee 
Indiana. 

^e  systematic  ethnological  researches  by  members  of  the  regular  staff  of 
the  bureau  may  be  summarized  as  follows : 

Mr.  p.  w.  Hodge,  ethnologist  in  charge,  in  addition  to  conducting  tbe  ndmln- 
'st'ative  work  of  the  bureau,  devoted  attention,  with  the  assistance  of  Mrs. 
^^ces  S.  Nichols,  to  the  final  revision  of  the  remaining  proofs  cf  Part  2  of  the 
Handbook  of  American  Indians  i Bulletin  80),  which  was  published  in  January, 
1911.  This  work  met  with  such  great  popular  demand  that  the  edition  of 
^  two  parts  became  exhausted  immediately  after  publication,  causing  the 
*"*^n  much  embarrassment  owing  to  the  thousands  of  requests  that  it  has 
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not  been  poflslble  to  sopi^.  To  meet  this  need  in  part,  tlie  Senate,  on  May  12, ' 
adopted  a  ooncorrent  reeolntlon  autborizing  the  reprinting  of  the  entire  hand- 
book, and  at  the  dose  of  tlie  fiscal  year  the  reeolntlon  was  nnder  omsideration 
by  the  Committee  on  Printing  of  the  House  of  RepresraitatiTes.  The  Superin- 
tendent of  Documents  has  likewise  been  In  receipt  of  many  orders  for  the  work, 
necessitating  the  reprinting  of  part  1  some  moutlis  after  its  ai^pearance,  and 
about  the  close  of  the  fiscal  year  another  reprint  of  this  part  was  contemplated. 
Much  material  for  incorporation  in  a  revised  edition  for  future  publication  was 
prepared  during  the  year,  but  lack  of  funds  necessary  for  the  employment  of 
special  assistants  prevented  the  prosecution  of  this  work  as  fully  as  was  desired. 

The  bureau  has  been  interested  in  and  has  conducted  archeological  explora- 
tions in  the  Pueblo  region  of  New  Mexico  and  Ariaona  for  many  years.  Since 
the  establishm^it  of  the  School  of  American  Archeology  in  1907,  fbUowtng  the 
revival  of  interest  in  American  archeology,  by  the  Archnological  Institute  of 
America,  that  bo6y  likewise  commenced  systonatic  work  in  the  archeology  of 
that  great  region.  In  order  to  avoid  duplication  of  effort,  arrangements  were 
made  between  the  bureau  and  the  school  for  conducting  archeological  Investiga- 
tions in  cooperation,  the  expense  of  the  field  work  to  be  borne  equally,  a  moiety 
of  the  collections  of  the  artifacts  and  all  the  dceletal  remains  to  become  the 
property  of  the  National  Museum,  and  the  bureau  to  have  the  privilege  of  the 
publication  of  all  scientific  results. 

Active  work  under  this  Joint  arrangement  was  commoiced  in  the  Rito  de  los 
Frijoles,  northwest  of  Santa  F€,  New  Mexico,  in  July,  1910,  work  having 
already  been  initiated  there  during  the  previous  summer  by  the  school  inde- 
pendently, under  the  directorship  of  Dr.  Bdgar  L.  Hewett  In  August,  1910, 
Mr.  Hodge  visited  New  Mexico  for  the  purpose  of  participating  in  the  work  on 
the  part  of  the  bureau,  and  remained  in  the  field  for  a  month. 

The  great  prehistoric  site  in  the  Rito  de  los  Frijoles  is  characterised  by  an 
immense  circular  many-celled  pueblo  ruin,  most  of  the  stone  walls  of  which 
are  still  standing  to  a  height  of  sev^al  feet,  and  a  series  of  cavate  dwellings 
hewn  in  the  soft  tufa  throughout  several  hundred  yards  of  the  northern  wM 
of  the  canyon.  Accompanying  the  great  community  ruin  and  also  the  cavate 
dwellings  are  underground  kivas,  or  ceremonial  chambers.  In  front  of  the 
cavate  lodges  were  originally  structures  of  masonry  built  against  the  cliff  and 
forming  front  rooms,  but  practically  the  only  remains  of  these  are  the  founda- 
tion walls  and  the  rafter  holes  in  the  cliff  fbce.  The  d^ris  covering  these 
structures  has  been  largely  cleared  away  and  the  foundations  exposed,  and  the 
walls  of  about  two-thirds  of  the  great  pueblo  structure  in  the  valley  have  been 
bared  by  excavation.  At  the  western  extremity  of  the  canyon,  far  up  in  the 
northern  wall,  is  a  natural  cavern,  known  as  Ceremonial  Cave,  in  which  are  a 
large  kiva,  remarkably  well  preserved,  and  other  interesting  remains  of  aborig- 
inal occupancy.  This  great  archeological  site  in  the  Rito  de  los  Frijoles  is 
important  to  the  elucidation  of  the  problem  of  the  early  distribution  of  the 
Pueblos  of  the  Rio  Grande  Yalley.  and  there  is  reason  to  believe  that  when 
the  researches  are  completed  much  light  will  be  shed  thereon.  There  is  a 
paucity  of  artifacts  in  the  habitations  uncovered,  aside  from  stone  implonents, 
of  which  large  numbers  have  been  fbund. 

At  the  close  of  the  work  in  the  Bito  de  los  Frijoles  the  Joint  expedition  pro- 
ceeded to  the  valley  of  the  Jemez  River,  near  the  Hot  Springs,  where  a  week 
was  spent  in  excavating  the  cemetery  of  the  old  Jemez  village  of  Giusiwa. 
About  80  burials  were  disinterred  here,  and  a  few  accompaniments  of  pottery 
vessels  and  other  artifacts  were  recovered;  but  in  the  main  the  deposits  had 
been  complete  destroyed  by  aboriginal  disturbance,  caused  in  part  by  coyer- 
ing  the  burials  with  heavy  stones  and  partly  by  displacing  the  skeletons  pre- 

Digitized  by  VjUU^  it: 


BSPOBT  OF  THE  BBCEETABY.  88 

vionsly  buried  when  sotwequent  intennents  were  mada  Oinsiwa  wa«  inlmblted 
In  in^diistoric  times  and  alao  well  withia  the  hiatorical  period,  as  ia  attested 
tfj  its  maasiTe,  roofleas  idmrcli,  built  about  the  begliiiiiiig  of  the  seventeeDth 
oentoiy.  Nererth^eea,  no  indication  of  Spaniah  influence  was  fbund  in  the 
ancient  cemetery,  and  it  is  assumed  that  burial  therein  ceased  with  the  com- 
hig  of  the  missionaries  and  the  establishment  of  the  campo  aanto  adjacoit  to  the 
dinrdL  All  collections  gath«:ed  at  Giusiwa  hare  t>een  deposited  in  the  National 
Hoseam. 

Other  immense  ruins  on  the  summits  of  the  mesas  lK>unding  the  yalley  on  the 
west  w^«  examined  with  the  view  of  their  future  excaration.  The  exact  posi- 
tion of  the  Jemes  tribe  among  the  Pueblo  peoples  is  a  inroblem,  and  both 
archeological  and  ^hnological  studies  thereof  are  essential  to  its  determination. 
On  c<»npleting  this  reconnoissance  excavation  was  ccmducted  !n  a  cemetery  at 
the  great  stone  pueblo  of  Puye,  on  a  mesa  8  miles  west  of  the  Tewa  village  of 
Santa  Clara.  About  GO  burials  were  exhumed  and  sent  to  the  National  Museum, 
but  artifacts  were  not  found  in  abundance  here,  and  as  a  rule  they  are  not  ex- 
cellent in  quality.  In  the  joint  work  in  the  Rito  de  los  Frijoles  the  expedition 
was  fortunate  in  having  the  co(^)eration  of  Prof.  Junius  Henderson  and  Prof. 
W.  W.  Bobbins,  of  the  Univ««ity  of  Colorado  at  Boulder,  who,  respectively, 
whUe  the  excavations  were  in  progress,  conducted  studies  in  the  ethno-soology 
and  the  ethno-botany  of  the  Tewa  Indians,  and  also  on  the  influence  of  climate 
and  geology  on  the  life  of  the  early  inhabitants  of  the  Bito  de  los  Frijoles.  At 
the  same  time  Mr.  J.  P.  Harrington  continued  his  researches  in  Tewa  geo- 
graphic nomenclature  and  cooperated  with  Professors  Henderscm  and  Bobbins  in 
supplying  the  native  terms  for  plants  and  animals  used  by  these  Indians  as 
food  and  medicine  in  ceremonies  and  for  other  purposes.  The  expedition  was 
also  fortunate  in  having  the  services  of  Mr.  Sylvanus  Q.  Morley  in  connection 
with  the  excavations  in  the  Bito,  of  Mr.  K.  M.  Chapman  in  the  study  of  the 
decoration  of  the  pottery  and  of  the  pictographs  of  the  entire  upper  Bio  Grande 
region,  of  Mr.  Jesse  L.  Nusbaum  in  the  photographic  worlE,  and  of  Mr.  J.  P. 
Adams  in  the  surveying.  Valued  aid  was  also  rendered  by  Messrs.  Neil  M.  Judd, 
Donald  Beauregard,  and  Nathan  Goldsmith. 

The  scientiflc  results  of  the  loint  research  are  rapidly  nearing  completion  and 
will  be  submitted  to  the  bureau  for  publicatiou  at  an  early  date. 

Throughout  almost  the  entire  year  Mr.  James  Mooney,  ethnologist,  was  oc- 
copied  in  the  ofDce  in  compiling  the  material  for  his  study  of  Indian  population 
covering  the  whole  territory  north  of  Mexico  from  the  first  white  occupancy 
to  the  present  time  By  request  of  the  Nebraslca  State  Historical  Society  he 
was  detailed  in  January,  1911,  to  attend  the  joint  session  of  that  body  and  the 
Mlasissippl  Valley  Historical  Association,  at  Lincoln,  Nebraska,  where  be  de- 
livered three  principal  addresses  l>earing  particularly  on  the  method  and  results 
of  the  researches  of  the  bureau  with  the  view  of  their  application  In  local  his- 
torical and  ethnological  investigations. 

On  June  4  Mr.  Mooney  started  for  the  reservation  of  the  Bast  Cherolcee  in 
North  Carolina  to  continue  former  studies  of  the  sacred  formulas  and  general 
ethnok^O^  of  that  tribe,  and  was  engaged  in  this  woric  at  the  close  of  the  month. 
At  the  beginning  of  the  fiscal  year  Dr.  J.  Walter  Fewkes,  ethnologist,  was  in 
northern  Arizona  examining  the  great  cave  pueblos  and  other  ruins  within 
the  Navaho  National  Monument  He  found  that  since  his  visit  in  1909  con- 
siderable excavation  had  been  done  by  others  in  the  rooms  of  Beta ta  kin,  and 
that  the  walls  of  Kitsid,  the  other  large  cliff  ruin,  were  greatly  in  need  of  re- 
pair. Guided  by  resident  Navaho,  he  visited  several  hitherto  undescribed  cliff 
dwellings  and  gathered  a  fairly  good  collection  of  objects  illustrating  pr^istoric 
culture  of  this  part  of  northern  Ariaona,  which  have  be«i  deposited  in  the 
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National  Mnseom.  In  order  to  fitdllate  tbe  areheological  work^and  to  make  the 
regkm  accessible  to  students  and  Tisitors  It  was  neeessary  to  break  a  wmgon  road 
flrom  Harsh  Pass  ttironi^  the  middle  of  the  Naralio  National  Monument  to  the 
ndgliborhood  of  Betataldn,  and  bj  this  means  the  vall^  was  traTersed  with 
wagons  f6r  the  first  time. 

On  the  return  journey  to  Flagstaff,  Dr.  Fewkes  visited  the  ruins  in  Nitsi,  or 
West  Canyon,  and  examined  Inscription  House,  a  pr^istoric  cliff  dwelling  of 
considerable  sise,  hitherto  undescribed,  the  walls  of  which  are  built  of  leaf- 
shaped  adobes  strengthened  with  sticks.  On  account  of  the  sisse  and  great 
interest  of  these  ruins,  it  is  recommended  that  the  area  covered  thereby,  be 
included  in  the  Navaho  National  Monument  and  the  ruins  permanently  pie- 
served,  and  that  either  Betatakin  ot  Kitsiti  be  excavated,  repaired,  and  made 
a  "type  ruin"  of  this  culture  area.  Along  the  road  to  Flagstaff  from  West 
Canyon,  Dr.  Fewkes  observed  several  ruins  and  learned  of  many  others 
ascribed  to  the  ancient  HopL  He  visited  the  Hop!  pueblo  of  Moenkopi,  near 
Tuba,  and  obtained  considerable  new  ethnological  material  from  an  old  priest 
of  that  village  regarding  legends  of  the  clans  that  formerly  lived  in  northern 
Arisona.  He  learned  also  of  a  cliff,  or  rock,  covered  with  pictographs  of  HopI 
origin,  at  Willow  Spring,  not  far  from  Tuba,  the  figures  of  which  shed  light 
on  Hopi  clan  migration  legends.  * 

Betuming  to  Flagstaff,  Dr.  Fewkes  reoutfltted  in  order  to  conduct  investiga- 
tions of  the  ruins  near  Black  Falls  of  the  little  Colorado  Biver,  eQ)ecially  the 
one  called  Wukoki,  reputed  to  have  t>een  the  last  habitation  of  the  Snake 
clans  of  the  Hopi  in  their  southern  migration  before  tbey  finally  settled  near 
the  Bast  Mesa.  A  little  more  than  a  month  was  Bpeat  at  these  ruins,  during 
which  time  ext^isive  excavations  were  made  in  numerous  subterranean  rooms, 
or  pit  dwellings,  a  new  type  of  habitations  fbund  at  the  bases  of  many  of  the 
large  ruined  pueblos  on  the  Little  Colorado.  Incidentally  several  other  pueblo 
ruins,  hitherto  unknown,  with  accompanying  reservoirs  and  shrines,  were  ob- 
served. The  excavations  at  Wukoki  yielded  al>out  1.800  spedmois,  consisting 
of  painted  pottery,  beautiful  shell  ornaments,  stone  implements,  badcetry, 
wooden  objects,  cane  '^  cloud  blowers,"  prayer  stidcs,  a  prayer-€tick  box,  an 
idol,  and  other  objects.  The  results  of  the  excavations  at  Wukoki  will  be  in- 
corporated in  a  fordicoming  bulletin  on  Antiquities  of  the  Little  Colorado 
Basin. 

On  the  completion  of  his  work  at  the  BUu^  Falls  ruins.  Dr.  Fewkes  returned 
to  Washington  in  S^tember  and  devoted  the  next  three  months  to  the  prepara- 
tion of  a  monograph  on  Casa  Grande,  Arizona. 

At  the  close  of  January,  1911,  Dr.  Fewkes  again  took  the  field,  visiting  Cuba 
for  the  purpose  of  gathering  information  on  the  prehistoric  inhabit^ts  of  that 
island  and  their  reputed  contemporaneity  with  fossil  sloths,  sharks,  and  croco- 
diles. A  fortnight  was  devoted  to  the  study  of  collections  of  prehistoric  ob- 
jects in  Habana,  especially  the  material  in  the  Univ^sity  Museum  from  caves 
In  Puerto  Principe  Province,  described  by  Drs.  Monton4  and  Carlos  de  la  Torre. 
With  this  preparation  he  proceeded  to  the  Isle  of  Pines  and  ciunmenced  work 
near  Nueva  (Verona.  In  this  island  there  are  several  caves  from  which  human 
bones  have  been  reported  locally,  but  the  Cueva  de  los  Indios,  situated  in  the 
hills  about  a  mile  from  the  city  named,  promised  the  greatest  reward.  A 
week's  excavation  In  this  cave  yielded  fbur  fragments  of  Indian  skulls,  not 
beyond  repair;  one  nndeformed,  well-preserved,  human  cranium;  and  many 
fragments  of  pelves,  humeri,  and  femora.  The  excavations  in  the  middle  of 
the  cave  indicated  that  the  soil  there  had  previously  been  dug  over:  these 
yielded  little  of  value,  the  best-preserved  remains  occurring  near  the  entrance, 
on  each  side.    The  skulls  were  arranged  in  a  row  within  a  pocket  sheltered  by 
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in  omludigtog  aide  of  the  caye^  and  were  buried  aboot  2  feet  In  the  guano  and 
mil;  beneath  these  crania  were  human  lon^-bonea,  croeeed.  Several  fragments 
of  a  ahigle  skull  ot  of  sereral  skulls  were  embedded  in  a  hard  stalagmitic 
formation  oyer  the  deposit  of  long-bones.  No  Indian  implements  or  pottery 
aooompanied  the  bonesi  and  no  fossils  were  fonnd  in  assodatloo  with  them.  80 
tBi  as  recorded  this  is  the  first  instance  of  the  finding  of  sktietal  remains  of 
csTe  man  in  the  Isle  of  Pines.  Their  general  appearance  and  mode  of  borlai 
were  the  same  as  in  the  case  of  those  discorered  by  Drs.  Monton6  and  Oarlos 
dels  Torre. 

Dr.  Fewkes  also  examined,  in  the  Isle  of  Pines,  about  80  structures  known 
as  cadmbas,  th^r  Indian  name.  These  are  vase-shaped,  subterranean  recep- 
tacles, ayeraging  6  feet  in  depth  and  4  feet  in  maximum  diameter,  generally 
cooatricted  to  about  2  feet  at  the  neck^  and  with  the  opening  level  with  the 
siuface  of  the  ground.  Although  these  cacimbas  are  generally  ascribed  to  the 
Indians,  they  are  thought  by  some  to  be  of  Spanish  origin,  and  are  connected 
by  others  with  buccaneers,  pirates,  and  slavers.  They  are  built  of  masonry  or 
cut  in  the  solid  rock ;  the  sides  are  often  plastered  and  the  bottoms  commonly 
covered  with  a  layer  of  tar.  On  the  ground  near  the  openings  there  is  gener- 
ally a  level,  circular  qpace,  with  raised  periphery.  The  whole  appearance  sup- 
pcvtB  the  theory  that  these  structures  were  used  in  the  manufacture  of  turpen- 
tine or  tar,  the  circular  area  being  the  oven  and  the  cadmba  the  receptacle  for 
tbe  product 

Dr.  Fewkes  found  that  the  Pineros,  or  natives  of  the  island,  employ  many 
aboriginal  terms  for  animals,  plants,  and  places,  and  in  some  instances  two 
Indian  words  are  used  for  the  same  object  An  acknowledged  descendant  of 
t  Goban  Indian  explained  this  linguistic  duality  by  saying  that  the  Indians 
0^  the  eastern  end  of  the  Isle  of  Pines  spoke  a  dialect  different  from  those  of 
the  west^n  ^id,  and  that  when  those  from  Camaguey,  who  were  Tainan  and 
of  east^n  Cuban  origin,  came  to  the  Isle  of  Pines  at  the  instance  of  the  Spanish 
authorities  they  brought  with  them  a  nomenclature  dittweat  firom  that  then 
in  use  (m  that  island. 

Several  old  Spanish  structures  of  masonry,  the  dates  of  which  are  unknown, 
were  also  examined  in  the  neighborhood  of  Santa  F^  Isle  of  Pines.  The  roof 
of  a  cave  at  Punta  de  Este,  the  southeastern  angle  of  the  island,  bears  ab- 
original pictographs  of  the  sun  and  other  objects,  suggesting  that  it  is  com- 
parable with  the  cave  in  Haiti,  in  which,  in  Indian  legend,  the  sun  and  the 
moon  originated  and  from  which  the  races  of  man  emerged. 

Dr.  Fewkes  has  now  collected  sufDcient  material  in  Cuba  to  indicate  that  its 
western  aid,  including  the  Isle  of  Pines,  was  once  inhabited  by  a  cave-dwelling 
people,  low  in  culture  and  without  agriculture.  His  observations  support  the 
belief  that  this  people  were  in  that  condition  when  Columbus  visited  the  Isle  of 
Pines  and  that  they  were  survivors  of  the  Guanahatibibes,  a  cave-dweliing 
population  formerly  occupying  the  whole  of  Cuba  and  represented  in  Porto 
Bico  and  other  islands  of  the  West  Indies. 

Dr.  Fewkes  also  visited  several  of  the  coral  keys  southwest  of  Isle  of  Pines, 
but,  finding  no  aboriginal  traces,  he  crossed  the  channel  to  Cayman  Grande, 
about  250  miles  from  Nueva  Gerona.  The  Cayman  group  consists  of  coral 
islands  built  on  a  submarine  continuation  of  the  mountains  of  Santiago 
Province,  Cuba.  A  cave  with  Indian  bones  and  pottery,  probably  of  Carib* 
origin,  was  found  near  Bodd^town  on  the  eastern  end  of  the  island,  and  a 
few  stone  implements  were  obtained  from  natives,  but  as  these  specimens  may 
have  been  brought  from  adjacent  shores  they  afford  little  evid«:ice  of  a  former 
aboriginal  population  of  Cayman  Grande.  The  elevation  of  the  Cayman 
Idands,  computed  from  the  annual  accretion,  would  indicate  that  Cayman 
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Grande  was  a  riiallow  reef  when  Colunbiu  rietted  Caba,  and  could  not  hare 
been  Inhabited  at  that  time.  The  diaeoTerer  paaeed  reiy  near  it  <m  his  second 
Toyage,  wtien  his  oonrse  lay  from  the  Me  of  Pines  to  Jamaica,  hnt  he  reported 
neither  name  nor  people. 

Dr.  Ftowkes  retnmed  to  Washington  in  April  and  spent  the  remainder  of  the 
year  in  completing  his  report  on  Oua  Grande. 

Dr.  John  R.  Swanton.  ethnologist,  devoted  the  first  quarter  of  the  year 
chiefly  to  collecting  material  from  libraries  and  andiives,  as  the  basis  of  his 
study  of  the  Creek  Indians.  From  the  latter  part  of  September  until  early  in 
December  he  was  engaged  in  fl^d  rcscar<di  among  the  Gre^  Natches,  Tookawa, 
and  Allbamu  Indians  in  Oklahoma  and  Texas,  and  also  remained  a  short  time 
with  the  remnant  of  the  Tunica  and  Chitimacha  in  Louisiana,  and  made  a  few 
side  tripe  in  search  of  tribes  which  hare  been  lost  to  si^t  within  recent  years^ 
On  his  return  to  Washington,  Dr.  Swanton  transcribed  the  linguistic  and 
ethnologic  material  collected  during  his  fl^d  excursion,  read  the  proofis  of 
BuDetlns  44,  46,  and  47,  added  to  the  literary  material  regarding  the  Cre^ 
Indians,  collected  additional  data  f6r  a  tribal  map  of  the  Indians  of  the  United 
States,  and  initiated  a  study  of  the  Katches  language  w\ih  the  ^lecial  object 
of  comparing  It  with  the  other  dialects  of  the  Muskhogean  family.  Dr.  Swan- 
ton also  q)ent  some  time  in  studying  the  Chitimacha  and  Tunica  languages. 

From  July,  1910,  until  the  middle  of  Ai^l,  1911,  Mrs.  M.  C  Sterenson, 
ethnologist,  was  engaged  in  the  completion  of  a  paper  on  Dress  and  Adorn- 
ment of  the  Pu^lo  Indians,  In  the  elaboration  of  her  report  on  Zufil  Plants 
and  Their  Uses,  and  in  transcribing  her  field  notes  pertaining  to  Zufil  r^lgious 
conc^ts  and  the  mythology  and  ethnology  of  the  Taos  Indians. 

Mrs.  Stevenson  left  Washington  on  April  12  and  proceeded  directly  to  the 
country  of  the  Tewa  Indians,  In  the  valley  of  the  Rio  Grande  in  New  Mexico, 
for  the  purpose  of  continuing  her  investigation  of  those  people.  Until  the  cloee 
of  the  fiscal  year  her  energies  were  devoted  to  the  pueblo  of  San  Ildefonso  and 
incidentally  to  Santa  Clara,  information  particularly  in  regard  to  the  Tewa 
calendar  system,  ceremonies,  and  material  culture  being  gained.  Mrs.  Steven- 
son finds  that  the  worship  of  the  San  Ildefonso  Indians  includes  the  same 
celestial  bodies  as  are  held  sacred  by  the  Zufil  and  other  Pneblosw  From  the 
foundation  laid  during  her  previous  researches  among  the  Tewa,  Mrs.  Steven- 
son reports  that  she  has  experienced  little  difficulty  In  obtaining  an  insist 
into  the  esoteric  life  of  these  people,  and  is  dally  adding  to  hw  store  of 
knowledge  respecting  their  religion  and  sociology.  A  complete  record  of 
obstetrical  practices  of  the  Tewa  has  been  made,  and  it  is  found  that  they  are 
ns  elaborate  as  related  practices  of  the  Taos  people.  The  San  Ildefonso  in- 
habitants do  not  seem  to  have  changed  their  early  customs  regarding  land 
tenure,  and  they  adhere  tenaciously  to  their  marriage  customs  and  birth  rites, 
notwithstanding  the  long  period  during  which  missionaries  have  heen  among 
them.  It  is  expected  that,  of  her  many  lines  of  study  among  the  Tewa  tribes, 
the  subject  of  their  material  culture  will  produce  the  first  results  for  publi- 
cation. 

After  completing  some  special  articles  on  ethnologic  topics  for  the  closing 
pages  of  Part  2  of  the  Handbook  of  American  Indians,  Mr.  J.  N.  B.  Hewitt, 
ethnologist,  pursued  the  study  of  the  history  of  the  tribes  formerly  dwelling 
in  the  Susquehanna  and  upper  Ohio  valleys.  Progress  in  these  researches  was 
interrupted  by  the  necessity  of  assigning  him  to  the  editorial  revision  and 
annotation  of  a  collection  of  120  legends,  traditions,  and  msrths  of  the  Seneca 
Indians,  recorded  in  1884  and  1886  by  the  late  Jeremiah  Curtin.  At  the  clone 
of  the  year  this  work  was  ftir  advanced,  only  about  150  pages  of  a  total  of 
1,400  pages  remaining  to  be  treated.    It  is  designed  to  publish  this  material. 
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with  Mr.  Hewitt* 0  intzodTictLoii«  iiote8»  and  acplanatory  matter,  in  a  forth- 
eomiDg  annual  report.  As  oKKMtnnlty  afforded,  Mr.  Hewitt  also  reanmed  tbe 
pr^Minition  of  bis  sketch  of  tiie  grammar  of  the  Iroqools  for  incorporation  in 
tbe  Handbook  of  American  Indian  Langnagea. 

Ab  in  previona  years,  Mr.  Hewitt  prepared  and  collected  data  for  repliea  to 
nmnerons  correapondents  reqneeting  special  information,  partlcolarly  in  regard 
to  tbe  Iroquois  and  Algonqoian  tribes.  Mr.  Hewitt  also  bad  charge  of  the 
important  collection  of  1,716  mannscripts  of  the  bureau,  cataloguing  new  accee- 
Bions  and  keeping  a  record  of  those  withdrawn  in  the  progress  of  the  bureau's 
researches.  During  the  year,  878  manuscripts  w&re  thus  made  use  of  by  the 
members  of  the  bureau  and  its  collaborators.  ExduslTe  of  the  num^ous  manu- 
Boipts  prqiared  by  the  staff  of  the  bureau  and  by  thoae  in  collaboration  with 
it,  referred  to  in  this  r^M>rt,  12  items  wexe  added  during  the  year.  These 
pertain  to  the  Pawnee,  Chippewa,  Zufii,  and  Tewa  tribes,  and  relate  to  music, 
sociology,  economics,  and  linguistics. 

The  beginning  of  the  fiscal  year  fbund  Dr.  Truman  Mlchelson,  ethnologist, 
coDductiug  ethnological  and  linguistic  inyestigatious  among  the  Piegan  Indians 
of  Montana,  whence  he  proceeded  to  the  Northern  Cheyenne  and  Ncnrthem 
Anpaho,  thence  to  the  Menominee  of  Wlao<msin,  and  finally  to  the  Micmac  of 
Bestigouche,  Canada — all  Algonqulan  tribes,  the  need  of  a  more  definite  lln- 
galstic  dasalflcation  of  which  has  long  beoi  felt  Dr.  Mlchelson  returned  to 
Washington  at  the  close  of  NoTonber  and  immediately  commenced  the  tiaboratlon 
of  his  field  notes,  one  of  the  results  of  which  is  a  manuscript  bearing  the  title 
*A  Linguistic  Classification  of  the  Algonqulan  Tribes,"  submitted  for  publl- 
citloa  in  the  twenty-eighth  annual  report  Also  In  connection  with  his  Algon- 
Onian  work.  Dr.  Mlchelson  devoted  attention  to  tbe  further  revision  of  the 
material  pertaining  to  the  Fox  grammar,  by  tbe  late  Dr.  William  Jones,  the 
ontUne  of  which  is  Incorporated  in  the  Handbook  of  American  Indian  Lan- 
gnagesL  During  the  winter  Dr.  Mlch^son  took  advantage  of  the  presence  in 
Washlngtcm  of  a  deputation  of  Chippewa  Indians  from  White  Berth,  Mlnne- 
aota,  by  enlisting  their  services  In  gaining  an  insight  into  the  social  organisa- 
tion of  that  tribe  and  also  in  adding  to  the  bureau's  accumulation  of  Chippewa 
linguistic  data.  Toward  the  close  of  June,  1911,  Dr.  Mlchelson  proceeded  to  the 
Sauk  and  Fox  Reservation  in  Iowa  fcnr  the  purpose  of  continuing  his  study  of 
that  Algonqulan  group. 

The  months  of  July  and  August  and  half  of  September,  1910,  were  q;>^it  by 
Dr.  Paul  Radln,  ethnologist,  among  the  Winnebago  Indians  of  Nebraska  and 
Wisconsin,  his  efforts  being  devoted  to  a  continuation  of  his  studies  of  the 
culture  of  those  people,  with  special  reference  to  their  ceremonial  and  social 
organization  and  their  general  social  customs.  Part  of  the  time  was  devoted 
to  a  study  of  the  Winnebago  material  culture,  but  little  progress  was  made  in 
this  direction,  as  few  objects  of  aboriginal  origin  are  now  possessed  by  these 
people,  consequently  the  study  must  be  completed  by  examination  of  their 
objects  preserved  in  museums  and  private  collection&  A  beginning  in  this 
direction  was  made  by  Dr.  Badln  during  the  latter  half  of  September  and  in 
October  at  the  American  Museum  of  Natural  History,  New  York  City.  During 
the  remalndw  of  the  fiscal  year  Dr.  Radln  was  ^igaged  in  arranging  the  eth- 
nological material  gathered  by  him  during  the  several  years  he  has  devoted  to 
the  Winnebago  tribe,  and  in  the  preparation  of  a  mon<^raph  on  the  Medicine 
Ceremony  of  the  Winnebago  and  a  memoir  on  the  ethnology  of  the  Winnebago 
tribe  In  goieraL  In  June,  1911,  he  again  took  the  field  in  Wisconsin  for  the 
porpoee  of  obtaining  the  data  necessary  to  complete  the  tribal  monograph. 
Both  these  manuscripts,  it  is  expected,  will  be  finMied  by  the  close  of  the 
present  calendar  year. 
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By  arrangem^it  with  the  Oammlssioiier  of  Indian  Affairs  the  bnrean  was 
fortunate  in  enlisting  the  seryices  of  Mr.  Francis  La  Flesche,  who  has  been 
frequently  mmitloned  in  the  annual  reports  of  the  bureau  in  connectton  witii 
his  studies,  Jointly  with  Miss  Alice  O.  Fletcher,  of  the  ethnology  of  the  Omaha 
tribe  of  the  Siouan  family.  Having  been  assigned  the  task  of  making  a  c(Mn- 
paratire  study  of  the  Osage  tribe  of  the  same  fiimily,  Mr.  La  Flesche  pro- 
ceeded to  their  reservation  In  Oklahoma  in  September.  The  older  Osage  men, 
like  the  old^  Indians  goierally,  are  very  conservative,  and  time  and  tact  were 
necessary  to  obtain  such  standing  in  the  tribe  as  would  enable  him  to  estab- 
lish frigidly  relations  with  those  to  whom  it  was  necessary  to  look  for  trust- 
worthy infbrmation.  Althoui^  the  Osage  language  Is  similar  to  that  of  tiie 
Omaha,  Mr.  La  Flesche's  native  tongue,  there  are  many  words  and  phrases  that 
sound  alike  but  are  used  in  a  different  sense  by  the  two  tribes.  Having  prac- 
tically mastered  the  language,  Mr.  La  Flesche  was*  prepared  to  devote  several 
months  to  what  is  known  as  the  No*'ho*Bhl*ga  le'ta*  the  geieral  term  applied 
to  a  complex  series  of  ceremonies  which  partake  of  the  nature  of  degrees,  but 
are  not,  strictly  q)eaking,  successive  steps,  althoui^  each  one  Is  linked  to  the 
other  in  a  general  sequence.  While  at  the  present  stage  of  the  inveetigatioii 
It  would  be  premature  to  make  a  definite  statemadt  as  to  the  full  meaning  and 
Interrelation  of  these  Osage  ceremonies,  there  appear  to  be  seven  divisions  <^ 
the  No*'ho*zhi"ga  le'ta,  the  names,  functions,  and  sequence  of  which  have  beeD 
learned,  but  whether  the  sequence  thus  Ult  noted  is  always  maintained  rematns 
to  be  determined.  From  Saucy-Calf,  one  of  the  three  surviving  Osage  regarded 
as  past  masters  in  these  ceremonies,  {Sonographic  records  of  the  first  of  the 
ceremonies,  the  Wazo'be-awatho',  have  been  made  in  its  entirety,  conststins 
of  80  songs  with  words  and  music,  and  7  prayer&  All  these  have  been  tran- 
scribed and  in  part  translated  into  English,  comprising  a  manuscript  exceed- 
ing 800  pages.  In  order  to  discuss  with  the  Osage  the  meaning  of  these  rituals, 
Mr.  La  Flesche  found  it  necessary  to  commit  them  to  memory,  as  reading  from 
the  manuscript  disconcerted  the  old  seer.  At  Saucy-Calf  s  invitation  Mr. 
La  Flesche  witnessed  in  the  autumn,  at  Orayhorse,  a  performance  of  the  c»e- 
mony  of  the  Wazo'be-awatho*,  the  recitation  of  the  rituals  of  which  requires 
one  day,  part  of  a  night,  and  more  than  half  of  the  following  day.  It  is  Mr. 
La  Flesche's  purpose  to  record,  if  possible,  the  rituals  of  the  remaining  six 
divisions  of  the  No^'ho'zhi'ga  le'ta.  He  has  already  obtained  a  pharaphraae  of 
the  seventh  ceremony  (the  Nik'ino*k'o"),  and  hopes  soon  to  procure  a  ph<mo- 
graphic  record  of  all  the  rituals  pertaining  thereto. 

In  connection  with  his  ethnological  work  Mr,  La  Flesche  has  been  so  fortunate 
as  to  obtain  for  the  National  Museum  four  of  the  waxo'be,  or  sacred  packs,  ea<di 
of  which  formed  a  part  of  the  paraphernalia  of  the  No^ho*ahl*ga  le'ta,  as 
well  as  a  waxo'be-to^'ga,  the  great  waxo'be  which  contains  the  instruments  for 
tattooing.  Only  those  Osage  are  tattooed  who  have  performed  certain  acts  pre- 
scribed in  the  rites  of  the  No"ho»zhi»ga  le'ta.  The  rites  of  the  tattooing 
ceremony  are  yet  to  be  recorded  and  elucidated.  While  the  waxo'be  is  the  most 
sacred  of  the  articles  that  form  the  paraph«*nalia  of  the  No*'ho^shl*ga  le'ta 
rites,  it  is  not  complete  in  itself;  other  things  are  indispensable  to  their  per- 
formance, and  it  is  hoped  that  these  may  be  procured  at  some  future  time. 

While  not  recorded  as  one  of  the  ceremonial  divisions  of  the  No*^hftSehfg|| 
le'ta,  there  is  a  c^emony  so  clos^  connected  with  it  that  It  might  well  be 
regarded  as  a  part  thereof— this  is  the  Washa'beathi*  watsi,  or  the  dance  of  the 
standards.  The  introductory  part  of  this  ceremony  is  called  Akixage,  or  weep- 
ing over  one  another  in  mutual  sympathy  by  the  members  of  the  two  great 
divisions  of  the  tribe.  There  is  no  regular  time  for  the  performance  of  the 
Wa8ha'beathi*n  ceremony.    It  is  given  only  when  a  member  of  the  tribe  loses 
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by  deatk  some  spectaUy  loved  and  fkTored  rtfatlTe  and  aeeka  a  cereoMmial 
exprenlon  of  oympatlij  from  the  antiro  tribe.  It  is  the  intentioD  to  procoie 
tbe  800^  and  rituals  of  this  cernnony,  and  ^yecinieps  of  the  standards 
emplojed  in  its  performance. 

Altogetber  Mr.  La  Flesdie  bas  made  exc^lent  progress  in  his  stndj  of  the 
Osage  people*  and  the  results  are  already  shedding  light  on  the  organisatloo 
and  the  origin  and  function  of  the  ceremonies  of  this  important  tribe. 

The  special  researdieB  of  tbe  bnrean  in  the  field  of  lingnistics  were  conducted 
bj  Dr.  Frans  Boas»  honorary  philologist,  one  at  the  hnmediate  and  tangible 
raaoltB  of  which  was  the  publication  of  Port  1  of  the  Handbook  of  American 
Indian  Languages.  It  seems  desiraMe  to  restate  at  the  present  time  the 
development  of  the  plan  and  the  object  of  this  work. 

Throu^  the  efforts  of  the  late  Maj.  Powell  and  his  collaborators  a  great 
number  of  Tocabularies  and  a  few  grammars  of  American  Indian  languages 
had  been  accumulated,  but  no  attempt  had  be&a,  made  to  giye  a  succinct 
description  of  the  morphology  of  all  the  languages  of  the  continent  In  order 
to  do  this,  a  series  of  publications  was  necessary.  The  subject  matter  had  to 
be  repreamted  by  a  number  of  grammatical  sketches,  such  as  are  now  being 
assembled  in  the  Handbook  of  American  Indian  Languages.  To  substantiate 
the  inductions  contained  in  this  grammar,  collections  of  texts  are  indisp^isable 
to  the  student,  and  finally  a  series  of  extended  vocabularies  are  required.  The 
Idan,  as  dereloped  between  1890  and  1000,  contemplated  the  nssemhllng  in  the 
bulletin  series  of  the  bureau  of  a  series  of  texts  which  were  to  form  the  basis 
of  the  handbook.  Of  this  series,  Dr.  Boas's  Chinook,  Kathlamet,  and  Tsimshian 
Tttts,  and  Swanton's  Haida  and  Tlingit  Texts,  subsequently  published,  form  a 
part,  but  at  the  time  Swantou's  Texts  appeared  it  was  believed  by  Secretary 
Langley  that  material  of  this  kind  was.  too  technical  in  character  to  warrant 
pid>lication  In  a  gov^nmental  series.  It  was,  therefore,  decided  to  discontinue 
tbe  text  series  in  the  bulletins  of  the  bureau  and  to  divert  them  to  the  Publica- 
tions of  the  American  Ethnological  Society  and  the  Columbia  University  Con- 
tributions to  Anthn^wlogy.  Other  series  were  commenced  by  the  University 
of  California  and  the  University  of  Pennsylvania.  The  method  of  publication 
porsned  at  the  present  time,  though  different  from  that  first  planned,  is 
acceptable,  since  all  the  material  is  accessible  to  students,  and  the  bureau  Is 
saved  the  expense  of  publication. 

I>r.  Boas  has  been  enabled  to  base  all  the  sketches  in  the  first  volume  of  his 
handbook  on  accompanying  text  series,  as  follows : 

(1)  Athapascan.    Text  published  by  the  University  of  California. 

(2)  Tlingit    Text  published  by  the  Bureau  of  American  Ethnology,  but  too 
late  to  be  used  ^stematically. 

(8)  Haida.    Texts  published  by  the  Bureau  of  American  Ethnology. 

(4)  Tsimshian.    Texts  publitiied  by  the  Bureau  of  American  Ethnology  and 
the  American  Ethnological  Society. 

(5)  KwakiutL    Texts  puUished  by  the  Jesup  Blxpedition  and  in  the  Colum- 
bia University  series. 

(6)  Chinook.    Texts  published  by  the  Bureau  of  American  Ethnology. 

(7)  ICaidu.    Texts  published  by  the  American  Ethnological  Society,  but  too 
Ute  to  be  used. 

(8)  Algonquian.    Texts  published  by  the  American  Ethnological  Society. 

(9)  Sioux.    Tacts  in  Contributions  to  North  American  Ethnology. 

(10)  Eskimo.    Texts  in  "Meddelelser  om  Gr^fnland,"  but  not  used  system- 
atically. 

Although  Dr.  Boas  has  urged  the  desirability  of  undertaking  the  publication 
^t  tbe  series  of  vocabularies,  no  definite  steps  have  yet  been  taken  toward  the 
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realisation  of  this  plan,  owing  Urg^  to  lack  of  funds  for  the  employinent  of 
amiBtanta  in  pr^wring  the  mat^iala.  It  ia  hoped,  howeyer,  that  aoch  a  aeries 
of  Tocabnlarlee,  baaed  on  the  pnhliahed  grammars  and  on  tlie  series  of  texts 
above  referred  to,  may  be  prepared  for  publication  in  tlie  near  fatnre.  Mndi 
of  the  pr^iminary  work  has  been  done.  There  are,  for  example,  extaided 
manuscript  dictionaries  of  the  Haida,  Tsimahian,  Kwakintl,  Ohinoolc,  and  Sioux, 
but  none  of  them  is  yet  ready  for  the  printer. 

The  work  on  Part  2  of  the  Handbook  of  American  Indian  Lsngoages  is  pro- 
gressing satisfactorily.  The  sketch  of  tlie  Takelma  is  in  page  form  (pp.  1-296), 
but  Dr.  Boas  has  undertaken  the  correlation  <^  this  sketch  with  the  Takdma 
Texts  which  meanwhile  have  been  published  by  the  UniTarsity  of  PennaylTania, 
and  a  considerable  amount  of  work  remains  to  be  d<me  to  finish  this  revision. 
The  Coos  grammar  is  in  galleys.  The  Ooos  Texts  are  at  the  present  writing 
being  printed  by  the  American  Bthnological  Society,  and  here  also  references 
are  being  inserted.  Dr.  Leo  J.  Frachtenberg  has  continued  his  eollection^of 
material  for  the  handbook  with  commendable  energy  and  inteUigaice.  The 
field  work  has  been  financially  aided  by  Columbia  UniTersity,  partly  throned 
a  gift  made  by  Mra  Henry  YlUard  and  partly  through  funds  provided  by  Bifr. 
Homer  B.  Sargent  It  has  also  been  possible  to  utilise  for  the  work  on  the 
Alsea  the  collections  made  at  a  former  time  by  Prof.  Livingston  Farrand  on  an 
expedition  supported  by  the  late  Mr.  Henry  Villard.  On  his  last  expedition 
Dr.  Frachtenberg  was  able  to  determine  that  the  Siuslaw  is  an  independent 
stock,  although  morphologically  affiliated  with  the  Alsea,  Coos,  and  Siuslaw 
group.    He  also  collected  extensive  material  on  the  Alsea  and  M<Aala. 

The  most  important  result,  which  is  appearing  more  and  more  clearly  from 
the  investigations  carried  out  under  the  direction  of  Dr.  Boas,  lies  in  the  fact 
that  it  will  be  possible  to  classify  American  languages  on  a  basis  wider  than 
that  of  linguistic  stocks.  In  1893  Dr.  Boas  called  attention  to  the  ftict  that 
a  number  of  languages  in  northern  British  Columbia  seem  to  have  certain 
morphological  traits  in  common,  by  which  they  are  sharply  diflPerentiated  from 
all  the  neighboring  languages,  althou^  the  evidence  for  a  common  origin  of 
the  stocks  is  unsatisfoctory.  Dr.  Boas  and  liis  assistants  have  fbUowed  this 
observation,  and  it  can  now  be  shown  that  throughout  the  continent  languages 
may  be  classed  in  wider  morphological  groups.  It  is  interesting  to  note  that 
phonetic  groups  may  be  distinguished  in  a  similar  manner,  but  these  do  not 
coincide  with  the  morphological  groups.  These  observations  are  in  accord 
with  the  results  of  modern  inquiries  in  Africa  and  Asia,  where  the  influence  of 
Hamitic  phonetics  on  languages  of  the  Sudan  and  the  influence  of  Sumerian 
on  early  Babylonian  have  been  traced  in  a  similar  manner.  Analogous  con- 
ditions seem  to  prevail  also  in  South  Africa,  where  the  phonetics  of  the  Bosh- 
man  languages  have  influenced  the  neighboring  Bantu  languages.  In  this  way 
a  number  of  eitirely  new  and  fundamaital  problems  in  linguistic  ethnography 
have  been  formulated,  the  solution  of  which  is  of  the  greatest  importance  for 
a  clear  understanding  of  the  early  history  of  the  American  Continent. 

The  Handbook  of  American  Indian  Languages  as  planned  at  the  present 
time  deals  exclusively  with  an  analytical  study  of  the  morphology  of  each 
linguistic  family,  without  any  attempt  at  a  detailed  discussion  of  phonetic 
processes,  their  influence  upon  the  development  of  the  language,  and  tbe  rela- 
tion of  dialects.  Dr.  Boas  recommends  that  the  present  Handbook  of  American 
Indian  languages  be  followed  by  a  series  of  handbooks  each  devoted  to  a 
single  linguistic  stock,  in  whi<di  the  devtfopment  of  each  language,  so  far  as  it 
can  be  traced  by  comparative  studies,  should  be  treated. 

Tbe  study  of  aboriginal  American  muaic  was  conducted  among  the  C3iippewa 
Indians  by  Miss  Frances  Densmore,  who  exteoded  heac  field  of  work  previomdy 
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begun  among  that  peoi^e  and  elaborated  the  system  of  analyaing  th^  songs. 
After  spending  seyeral  weeks  on  the  Lac  du  Flambeau  Reservation  in  Wis- 
consin Bbe  accompanied  the  Ohii^)ewa  from  that  reservation  to  the  Maiominee 
Reservation  in  the  same  State,  where  the  Lac  du  Flambeau  Chii^)ewa  cere- 
monially  presented  two  drums  to  the  Menominee.  This  ceremony  was  closely 
observed,  photographs  being  taken  and  the  q>eeche6  of  presentation  translated, 
and  the  songs  of  the  cerenK>ny  were  recorded  by  Miss  Doismore  on  a  phono- 
graph after  the  return  of  the  drum  party  to  Lac  du  Flambeau.  Many  of  the 
soDgB  are  of  Sioux  origin,  as  the  ceremony  was  adopted  from  that  people ;  con- 
seQnently  the  songs  were  analysed  s^iarately  from  those  of  Chippewa  origin. 
Numerons  old  war  songs  w^re  recorded  at  Lac  du  Flambeau,  also  songs  said 
to  have  been  composed  during  dreams,  and  others  used  as  accompaniments 
to  games  and  dances.  The  analytical  tables  published  during  the  year  in  Bul- 
letin 45,  Chippewa  Music,  have  beeaa.  combined  by  Miss  Densmore  with  those  of 
BQQgs  collected  during  the  year  1910-11,  making  a  total  of  840  Chippewa  songs 
ondtf  analysis.  These  are  analyzed  in  12  tableau  showing  the  structure,  tone 
material,  melodic  progression,  and  rhythm  of  the  songs,  the  rhythm  of  the 
dmm,  the  relation  between  the  metric  unit  of  the  voice  and  drum,  and  other 
points  bearing  on  the  developmeit  and  form  of  primitive  musical  expression. 
Tbis  material  is  now  almost  ready  for  publication.  The  Sioux  songs  of  the 
drmn  presentation  ceremony,  similarly  analyzed,  constitute  the  beginning  of 
an  analytical  study  of  the  Sioux  music,  which  will  be  continued  and  extended 
during  the  fiscal  year  1911-12. 

Mias  Alice  C  Fletcher  and  Mr.  La  Flesche  conducted  the  final  proof  revision 
of  their  monograph  on  the  Omaha  tribe,  to  accompany  the  twenty-seventh 
tonnal  report,  which  was  in  press  at  the  close  of  the  fiscal  year.  This  menooir 
will  comprise  658  printed  pages  and  will  form  the  most  complete  monograph 
of  a  single  tribe  that  has  yet  appeared. 

Mr.  J.  P.  Dunn,  whose  studies  of  the  Algonquian  tribes  of  the  Middle  West 
have  beoi  mentioned  in  previous  reports,  denned  it  advisable,  before  continu- 
ing his  investigation  of  the  languages  of  the  tribes  comprising  the  former 
Illinois  ccmfederacy,  to  await  the  completion  of  the  copying  of  the  anonymous 
manuscript  Miami-French  Dictionary,  attributed  to  P^re  Joseph  Ignatius  Le 
Boulanger,  in  the  John  Carter  Brown  Library  at  Providence,  Rhode  Island. 
Through  the  courteous  permission  of  Mr.  George  Parker  Winship,  librarian, 
the  bureau  has  been  enabled  to  commence  the  copying  of  this  manuscript,  the. 
difficult  task  being  assigned  to  Miss  Margaret  Bingham  Stillwell,  under  Mr. 
Winabip*8  immediate  direction.  At  the  close  of  the  fiscal  year  201  pages  ^f  the 
original  (comprising  95  pages  of  transcript),  of  the  total  of  155  pages  of  the 
dictionary  proper,  were  finished  and  submitted  to  the  bureau.  It  is  hoped 
that  on  the  completion  of  the  copying  the  bureau  will  have  a  basis  for  the 
study  of  the  Miami  and  related  languages  that  would  not  be  possible  among  the 
greatly  modified  remnant  of  the  Indians  still  speaking  them. 

Prot  Howard  M.  Ballon,  of  Honolulu,  has  continued  the  preparation  of  the 
List  of  Works  Relating  to  Hawaii,  undertaken  in  collaboration  with  the  late 
Dr.  Cyrus  Thomas,  and  during  the  year  submitted  the  titles  of  many  early 
publications,  including  those  of  obscure  books  printed  in  the  Hawaiian  language. 

Hr.  John  P.  Harrington,  of  the  School  of  American  Arch»ology,  proceeded  in 
Uarch  to  the  Colorado  Valley  in  Arizona  and  California  for  the  purpose  of 
continuing  his  studies,  c(Mmneaced  a  few  years  before,  among  the  Mohave 
Indians,  and  inddentaUy  to  make  collections  for  the  United  States  National 
Haaeum.  Mr.  Harrington  was  still  among  these  Indians  at  the  close  of  July, 
and  the  results  of  his  studies,  which  cover  every  phase  of  the  life  of  this 
interesting  people^  are  to  be  placed  at  the  disposal  of  the  bureau  for  publication. 
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The  general  editorial  work  of  tbe  bnrefto  oontlnoed  In  immediate  duurse  of 
Mr.  J.  6.  Gin-ley,  editor.  Tlie  editiiig  <rf  Part  2  of  BoUetlii  80,  Handbook  of 
American  Indians,  was  conducted  bj  Mr.  Hodge,  wldle  tbe  editorial  saperrlfllon 
of  Bnlletln  40,  Handbook  of  American  Indian  Languages,  was  in  <diarfe  of 
Dr.  Boas.  At  tbe  close  of  tbe  fiscal  year  tbe  twenty-serentb  annual  repcMt 
was  nearly  ready  for  tbe  bindery ;  more  tban  one-tbird  of  Bulletin  40,  Part  2» 
was  in  type  (mostly  in  pages) ;  and  Bulletin  47,  a  Dictloiiary  of  tbe  Biloxl  and 
Ofo  Languages,  by  Dorsey  and  Swanton,  was  in  page  form.  Some  progrdaa 
bad  been  made  in  tbe  rerision  of  tbe  galley  proof  of  Bulletin  40,  Byingtoa*s 
Caioctaw  Dictionary,  a  work  requiring  tbe  ^n^iendlture  of  considerable  time 
and  labor.  Hucb  of  Mr.  Ourley's  time  during  tbe  year  was  given  to  tbe  work 
of  editing  and  proof  reading  tbe  twenty  scTcntb  annual  report  and  its  aoeom- 
panylng  paper,  the  monograpb  on  tbe  Omaba  tribe,  by  Miss  Fletcher  and  Mr. 
La  Fleecbe,  above  referred  to.  Tbe  fcdlowing  puMlcations  were  iaraed  dorlnc 
tbe  year: 

Bulletin  80.  Handbook  of  American  Indians  North  of  Mexico  (F.  W.  Hodcre, 
editor),  Part  2. 

Bulletin  87.  Antiquities  of  Central  and  Southeastern  Missouri  (Qerard 
Fkywke). 

Bulletin  40.  Handbook  of  American  Indian  lAuguagee  (Franz  Boas,  editor). 
Part  1. 

Bulletin  43.  Indian  Tribes  of  tbe  Lower  Mississippi  Valley  and  Adjacent 
Coast  of  the  Gulf  of  Mexico  (J.  R.  Swanttm). 

Bulletin  44.  Indian  Languages  of  Mexico  and  Central  Amoica  and  tlieir 
(3eographlcal  Distribution  (Cyrus  Thomas  and  J.  R.  Swanton). 

Bulletin  46.  CSilppewa  Music  (Frances  Densmore). 

Bulletin  00.  Preliminary  Report  on  a  Visit  to  tbe  Navabo  National  Monument, 
Arizona  (J.  Walter  Fewkes). 

BuUetin  51.  Antiquities  of  tbe  Mesa  Verde  National  Park:  Cliff  Palace  (J. 
Walter  Fewkes). 

The  preparation  of  the  illustrations  for  the  publications  of  tbe  bureau  and  tbe 
making  of  photographic  portraits  of  tbe  membera  of  yisiting  deputations  of 
Indians  were  in  charge  of  Mr.  De  Lancey  Gill,  illustrator.  Of  tbe  246  negAtlTes 
-  made,  120  comprise  portraits  of  visiting  Indians.  In  addition  872  pboto^aplile 
films,  exposed  by  membera  of  the  bureau  in  connection  with  their  field  work, 
werofldereloped  and  printed.  Photographic  prints  for  publication  and  exchange 
were  made  to  the  number  of  1,460,  and  22  drawings  for  use  as  illustrations  were 
prepared.   Mr.  Gill  was  assisted,  as  bi  the  past,  by  Mr.  Henry  Waltb^. 


The  library  of  the  bureau  has  continued  in  the  Immediate  charge  of  Miss 
Ella  Leary,  librarian.  During  tbe  year  that  part  of  tlie  soutbeastem  8;allery 
of  the  lower  main  hall  of  the  Smithsonian  Buildiog  which  was  vacated  by  tlie 
National  Museum,  was  assigned  to  tbe  use  of  tbe  bureau  library,  and  three  addi- 
tional stacks  were  built,  providing  shelf  room  for  about  2,500  volumes.  Nearly 
that  number  of  books  which  had  been  stored,  and  ccmsequently  made  Inaecea- 
Bible,  were  placed  on  the  new  shelves.  The  policy  carried  out  from  year  to  year 
of  Increasing  the  library  by  exchange  with  other  Institutions  bas  bem  con> 
tinned,  and  special  effort  made  to  complete  the  collection  of  solal  pobUca- 
tlons.  Especially  to  be  noted  is  the  completion  of  the  sets  of  pnbllcatlona  of 
tbe  Maine  Historical  Society  and  tbe  Arcfaives  ci  Peomiiylvania,  botli  rliOi  In 
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material  p^taining  to  the  Indiana  As  in  tlie  past.  It  has  been  necessary  for 
tbe  Imreaa  to  make  use  of  the  Library  of  Congress  from  time  to  time,  abont  200 
Tolomea  having  beei  borrowed  daring  tbe  yeair.  Twdve  bnndred  books  and 
approximately  660  pamphlets  were  receiyed,  in  addition  to  the  current  nombers 
of  more  than  600  periodicals.  Of  the  books  and  pamphlets  received,  148  were 
aoinired  by  pnrtdiase,  tbe  remainder  by  gift  or  exchange.  Six  hnndred  and 
eighty-nine  volumes  were  boond  by  the  Government  Printing  Ofllee,  payment 
tberefor  being  made  from  the  allotment  "for  printing  and  binding  •  •  • 
ammal  r^wrts  and  bulletins  of  the  Bnrean  of  American  Bthnologyt  and  for  mis- 
odlaneons  printing  and  binding,**  authorised  by  the  sundry  dvil  act  Tliis  pro- 
virion  has  enabled  the  bureau,  during  the  last  two  years,  to  bind  many  volumes 
almoBt  in  daily  use  which  were  threatoied  with  destruction.  The  catalogue  of 
the  bureau  now  records  17,250  volumes;  there  are  also  about  12,200  pamphlets, 
and  several  thousand  unbound  periodicals.  The  library  is  constantly  referred 
to  by  students  not  connected  with  the  bureau,  as  well  as  by  various  officials  at 
tbe  Government  service. 

PBOPESTT. 

As  noted  in  previous  reports  the  principal  property  of  the  bureau  consists  of 
its  library,  manuscripts,  and  photographic  negatives.  In  addition  it  possesses  a 
number  of  cameras,  phonographic  machines,  and  ordinary  apparatus  and 
eqniimient  for  field  work,  8tation«7  and  office  supplies,  a  moderate  amount  of 
oiBce  furniture,  typewriters,  etc,  and  the  undistributed  stock  of  its  publications. 
Tlte  8am  of  $304.62  was  expended  for  office  furniture  (including  bookstacks  at  a 
CQit  of  1205)  during  the  fiscal  year. 

BECOMliENDATIOlfS. 

For  the  purpose  of  extending  the  qrstematic  researches  of  the  bureau  and  of 
aiPording  additional  facilities  for  its  administration,  the  following  recommenda- 
tions are  made: 

A  question  having  arisen  in  the  Committee  on  Appropriations  of  the  House 
of  Bepresentatlves  as  to  the  purpose  for  which  an  increase  of  $2,000  in  the 
bureau's  appropriation  in  1909  was  int^ided,  the  work  of  excavating  and  re- 
pairing antiquities  existing  in  national  parks  and  monuments  has  beeaa.  cur- 
tailed. The  importance  of  elucidating  the  archeologlcal  problems  connected 
with  these  ancient  remains  and  of  reimiring  the  more  important  of  them  for 
visitors  and  for  future  students  is  so  apparent  that  the  need  of  continuing  this 
work  is  generally  recognized,  consequoitly  an  estimate  of  $4,000  "  for  the  ex- 
Idoratlon  and  preservation  of  antiquities"  has  beoi  submitted  for  the  next 
flacalyear. 

ethnological  research  in  Alaska  is  urgently  needed  by  reason  of  the  great 
changes  taking  place  among  the  Indians'  and  the  Eskimo  since  the  influx  of 
wUte  people  a  few  years  ago.  Unless  this  investigation  is  undertaken  at  once 
the  aboriginal  inhabitants  will  have  become  so  modified  by  contact  with  whites 
that  knowledge  of  much  of  their  primitive  life  will  be  lost  It  is  recomm^ided 
that  the  sum  of  $4,500  be  appropriated  for  this  work. 

The  more  speedy  extension  of  ethnological  researches  among  the  remnants 
of  the  Algonqulan  tribes  formerly  occupying  the  Middle  West  is  desired.  In  a 
nmnber  of  cases  these  tribes  are  represented  by  only  a  few  survivors  who  retain 
any  knowledge  of  the  traits,  language,  and  customs  of  their  people,  hence  it 
will  be  impossible  to  gather  much  of  this  information  unless  the  work  is  ex- 
tended more  rapidly,  as  the  funds  now  at  the  bureau's  disposal  for  this  pur- 
pose are  inadequate.  The  additional  sum  of  $1,000  is  recommended  for  this 
purpose. 
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Ab  preyiouBly  stated,  the  demand  for  the  HandbocA  ot  American  Indiana 
has  be^i  so  great  that  manj  schools  and  libraries  have  necessarily  been  denied. 
The  need  of  a  revised  edition  is  urgent  but  the  revision  can  not  be  satisfku*- 
torily  undertaken  and  the  latest  information  incorporated  without  the  enq;>loy- 
ment  of  special  ethnologic  assistants-— those  who  have  devoted  special  study  to 
particular  tribes — and  editorial  and  clerical  aid.  It  is  recommended  that  the 
sum  of  $3,800  be  appropriated  for  this  purpose. 

The  bureau  is  constantly  in  receipt  of  requests  from  schools,  historical 
societies,  compilers  of  textbooks,  etc,  for  photograi^iic  prints  of  Indian  sob- 
Jects,  since  it  is  generally  known  that  the  bureau  possesses  many  thousands  of 
negatives  accumulated  in  the  course  of  its  investigations.  As  no  funds  are  now 
available  for  this  purpose,  it  is  rec<Mnmaided  that  a  reasonable  sum,  say  $1,000, 
be  appropriated  for  the  purpose  of  furnishing  prints  for  educational  purposes. 
In  nx>st  cases  applicants  would  doubtless  be  willing  to  pay  the  cost,  but  at 
present  the  bureau  has  no  authority  for  selling  photographs. 

The  manuscripts  accumulated  by  the  bureau  form  a  priceless  collection; 
indeed  many  of  them,  If  lost,  could  not  be  replaced,  since  they  represent  the 
results  of  studies  of  Indians  who  have  become  extinct  or  have  lost  th^r  tribal 
identity.  It  is  therefore  urgently  recomm^ided  that  the  sum  of  $1360  be  ap- 
propriated for  flreprooilng  a  room  and  for  providing  metal  cases  for  the 
permanent  preservation  of  the  manuscripta 

Respectfully  submitted. 

r.  W.  HoDGS,  Bihnoloffist  in  Oharffs. 

Dr.  Chablks  D.  Waxcott, 

Secretary  of  the  SnUtl^orUan  Institution, 
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Apfendix  in. 

REPORT  ON  THE  INTERNATIONAL   EXCHANGES. 

8n:  I  liaye  the  honor  to  submit  the  following  report  on  the  operations  of  the 
International  Exchange  Service  during  the  fiscal  year  ending  June  30,  1911, 
which  was  prepared  under  the  direction  of  Mr.  C.  W.  Shoemaker*  chief  cleric, 
who  was  in  charge  of  the  service  from  January,  1910,  until  June  1, 1911. 

Tbe  congressional  appropriation  for  the  support  of  the  service  during  1911 
was  132,200  (the  same  amount  granted  for  the  past  three  years),  and  the  sum 
collected  on  account  of  r^)ayment8  was  $4,754.99,  matdng  the  total  available 
Rsoorces  for  carrying  on  the  system  of  international  exchanges  $36,954.99. 

Tbe  total  numbw  of  packages  handled  during  the  year  was  228,698— an  in- 
crease over  the  number  for  the  preceding  year  of  7,078.  The  w^ght  of  these 
packages  waB  560^08  pounds— «  gain  of  76424  pounds.  For  purposes  of  com- 
parison the  numl>er  and  weight  of  packages  of  different  classes  are  indicated 
in  tbe  following  table: 


PsokEges. 

Weight. 

Sent. 

Reoehred. 

Sent. 

Received. 

UnitBil fltntm TMrtlainmtnrT docwmflirtinwiDt ftbrptd. . .  ...     ,. 

IOC, 780 

Pimadt. 
116,210 

Poiiii4t« 

1,752 

18,467 

65,104 

216,686 

PoMlfAtinnii  mnnlTVKl  In  raUAfii  for  dAiMrtEP4nitftl  dooninifntii. . . . 

8,715 

18.837 

PQbfimtlflim  frnm  mliimlliinnous  gouross  ffBDt  ftbro&d 

28,834 

56,165 

PabBcatlons  received  firom  abroftd  for  misoeUazieocis  dlstribu- 

tlOQ 

30,524 

184,434 

Total 

187,707 

40,091 

380,070 

171,738 

Orand  total 

228, 

608 

560,808 

The  disparity  between  the  number  of  packages  received  and  those  sent  may 
be  accounted  for,  in  part,  by  the  fact  that  many  returns  for  publications  sent 
abroad  are  forwarded  to  their  destinations  by  mail  and  not  through  the  exchange 
service.  This  difference  is  further  due  to  the  fact  that  whereas  packages  sent 
are  made  up  in  most  cases  of  separate  publications,  those  received  contain 
ievonl  volumes — ^in  some  instances  the  term  "  package  "  being  applied  to  large 
boxes  often  containing  100  or  more  pablications. 

By  retorrlng  to  the  above  statement  it  wiU  be  noted  that  66  per  cent  of  the 
work  of  the  office  has  been  conducted  in  behalf  of  the  United  States  govern- 
mental establishments. 

Of  the  2380  boxes  used  in  forwarding  .exchanges  to  foreign  bureaus  and 
agencies  for  distribution  (an  increase  of  847  boxes  over  1910),  885  boxes  con- 
tained full  sets  of  United  States  official  docoments  for  authorized  depositories 
and  1,995  were  filled  with  departmental  and  other  publications  for  depositories 
of  partial  sets  and  for  miscellaneous  correiq;KHidents. 
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Several  changes  have  been  made  daring  the  year  in  the  routine  of  the  Bz- 
change  Office  looking  to  the  economical  and  efficient  administration  of  the 
service.    These  changes  are  here  briefly  referred  to. 

It  had  been  the  practice  for  many  years  to  keep  a  card  record  of  both  in- 
coming and  outgoing  packages— «  credit  and  debit  account  with  each  establlA- 
ment  or  Individual  using  the  facilities  of  the  Exchange  Service — thus  enablins 
the  Institution  to  answer  inquiries  concerning  the  transmisson  of  any  particular 
package  without  delay.  As  the  keeping  of  these  cards  involved  a  great  deal  of 
labor — quite  out  of  proportion  to  the  boiefits  derived  therefrom — and  also  as 
most  of  the  Information  given  thereon  could,  with  the  expenditure  of  a  little 
more  time,  be  obtained  from  other  records  in  the  office,  the  detailed  stat^nent 
of  outgoing  packages  has  been  discontinued.  This  curtailment  in  the  work 
has  made  it  possible  to  dispmise  with  the  services  of  one  of  the  clerks  in  tbe 
record  room.  The  discontinuance  of  these  cards  has,  furthermore,  brouslit 
about  a  change  in  the  work  in  the  shipping  room  whor^>y  the  preparation  of 
consignments  for  transmission  abroad  is  facilitated. 

Since  the  fiscal  year  1897  there  has  been  printed  in  the  report  on  the  ex- 
Changes,  under  the  caption  "Interchange  of  Publications  between  the  United 
States  and  Other  Countries,**  a  statem^t  showing  in  detail  the  numbor  at 
packages  s^t  to  and  received  from  each  country  through  the  International  Bx- 
change  Service.  In  most  instances,  the  statistics  contained  in  these  state- 
ments indicated  that  a  much  larger  number  of  packages  were  sent  abroad  than 
were  received  in  return.  While  It  is  true  that  a  certain  disparity  exists,  the 
statements  were  misleading,  since,  as  already  explained,  a  great  many  packages 
are  received  through  other  channels  by  correspondents  in  this  country  in  return 
for  those  sent  through  the  Bxchange  Service.  In  view  of  this  ftict,  and  also 
because  the  statistics  contained  in  these  statements  were  seldom  required  for 
the  use  of  the  Bxchange  Office,  the  keeping  of  the  detailed  record  from  whicb 
they  were  derived  has  been  discontinued.  The  time  saved  by  this  and  otlier 
mluOT  changes  in  the  receiving  room  has  enabled  the  clerical  force  in  that  room 
to  ke^  the  work  required  in  handling  and  recording  the  large  number  of 
packages  received  for  transmission  through  the  service  more  nearly  up  to  date. 

Mention  was  made  in  the  last  report  that  the  German  authorities  had  in 
contemplation  the  founding  of  an  institution  at  Berlin  to  further  cultural 
relations  between  Germany  and  the  United  States,  and  that  one  of  its  func- 
tions would  be  the  transmission  and  distribution  of 'German  exchanges.  Tliia 
establishment,  which  is  known  as  the  "Amerika-Institut,"  was  organized  in 
the  tall  of  1910,  and  the  exchange  of  publications  was  taken  up  by  it  on 
January  1,  1911.  On  the  latter  date  the  exchange  agency  maintained  by  the 
Smithsonian  Institution  in  Leipzig  at  the  publishing  house  of  Karl  W.  Hierse- 
mann  was  discontinued. 

Prior  to  the  discontinuance  of  the  Leipzig  agency  the  interchange  of  publi- 
cations between  correspondents  in  Luxemburg  and  Roumania  and  those  in  tbe 
United  States  was  conducted  through  that  medium.  In  oompliance  with  tbe 
Institution's  request,  the  Amerika-Institut  has  been  good  enough  to  assume 
charge  of  the  distribution  of  packages  in  Luxemburg.  The  Academia  Romana 
at  Bucharest— the  depository  of  a  partial  set  of  United  States  governmental 
docum«its— has  been  approached  with  a  view  to  enlisting  its  services  in  tbe 
interchange  of  publications  between  Roumania  and  the  United  States,  and  it 
is  hoped  that  the  academy  may  ilnd  it  convenient  to  have  this  work  conducted 
under  its  auspices. 

The  Japanese  exchange  agency  and  the  depository  of  a  full  set  of  United 
States  governmental  documents  was  transferred  by  the  Japanese  Oovemment, 
during  the  latter  part  of  the  year,  from  the  Department  of  Foreign  AfMra  to 
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tbe  Imperial  Library  at  Tokyo.  The  regular  series  of  oflkial  docmnoits,  at 
well  as  all  publications  for  distribution  in  Japan,  are  therefore  now  forwarded 
to  that  Ubraiy. 

An  application  reoeiyed  by  the  Institution  from  the  under  secretary  to  the 
Gorenmiait  of  the  United  Provinces  of  Agra  and  Oudh,  Allahabad^  India,  for 
ci^es  of  such  United  States  official  publications  as  might  be  of  interest  to  it 
WIS  favorably  acted  upon  by  the  Library  of  Congress,  and  that  Government  was 
added  to  the  list  of  those  countries  receiving  partial  sets  of  governmental 
docomenta  The  first  shipmeit,  consisting  of  six  boxes,  was  forwarded  to 
Uie  onder  secretary  on  October  11, 1910. 

Two  cases  forwarded  from  Washington  in  October,  1910,  containing  exchanges 
for  miscdlaneous  addresses  in  New  South  Wales,  were  destroyed  in  transit 
to  that  country,  the  steamship  by  which  the  consignment  was  transmitted 
baring  been  burned  at  sea.  The  senders  of  the  packages  contained  in  these 
caaes  were  communicated  with,  and  it  is  gratifying  to  state  tliat  It  was  possible 
for  most  of  them  to  supply  copies  of  the  lost  publications. 

Tbe  work  inaugurated  in  190S  of  actively  seeking  returns  from  foreign 
countries  for  the  exchanges  sent  to  them  by  this  Government  has  resulted  dur- 
ing the  year  in  the  acquisition  of  important  collections  of  publications  for  the 
library  of  Congress  and  for  several  other  establishments  of  the  Government 

About  10,000  foreign  governmental  documents  of  a  statistical  character,  re- 
turned by  the  Library  of  Congress  as  duplicates,  have  been  stored  for  some 
time  in  the  Smithsonian  Institution.  These  l>ooks  were  arranged  and  listed 
daring  the  year  under  the  direction  of  the  assistant  librarian,  while  the 
Bubange  Service,  through  which  the  documents  were  received  from  abroad, 
provided  the  extra  clerical  assistance  required.  Upon  completion  of  this  work 
ffioet  of  the  documents  were  forwarded  to  the  New  York  Public  Library  to 
complete  its  series  of  foreign  governmental  publications. 

FOREIGN   DEF08IT0BIE8   OF   UNITED   STATES    GOVERNMENTAL   DOCUMENTS. 

In  accordance  with  treaty  stipulations  and  under  the  authority  of  the  con- 
grearional  resolutions  of  March  2,  1867,  and  March  2,  1901,  setting  apart  a 
certahi  number  of  documents  for  exchange  with  foreign  countries,  there  are 
now  sent  r^u^arly  to  depositories  abroad  55  full  sets  of  United  States  official 
in^licatlons  and  34  partial  sets,  the  United  Provinces  of  Agra  and  Oudb 
baling  been  added  during  the  year  to  the  list  of  countries  receiving  partial  sets. 

Tbe  recipients  of  full  and  partial  sets  are  as  follows : 

DEPOSITORIES    OF    FULL     SETS. 

Argentina :  Ministerio  de  Relaciones  Exteriores,  Buenos  Aires. 

Argentina :  Biblioteca  de  la  Universidad  Nacional  de  La  Plata. 

Anstralia:  Library  of  the  Commonwealth  Parliament,  Melbourne. 

Anstria:  K.  K.  Statistische  Central-Commission,  Vienna. 

Badoi:  Universit&ts-Bibliothek,  Freiburg. 

Bararia :  Kdnigliche  Hof-  und  Staats-Bibliothek,  Munich. 

Belginm :  Biblioth^ue  Royale,  Brussels. 

Bni2il :  Bibliotheca  Nacional,  Rio  de  Janeiro. 

Canada:  Parliamentary  Jjibrary,  Ottawa. 

Gape  Colony :  Government  Stationery  Department,  Cape  Town. 

Cbile:  Biblioteca  del  Congreso  Nacional,  Santiago. 

(3ilna:  American-Chinese  Publication  Exchange  Department,  Shanghai  Bureau 

of  Foreign  Affairs,  Shanghai. 
Ookxnbia :  Biblioteca  Nacional,  Bogota. 
Costa  Rica :  Oflcina  de  DepCsito  y  Canje  de  Publicaclones,  San  Jos^. 
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Cuba:    Secietaria   de   Kstado    (Asontos   Generales   y   Canje   Internacloiitl), 

Habana. 
Denmark :  Kongelige  Blbliotbeket,  Copenhagen. 
England :  British  Moaeom,  London. 

England :  Loudon  School  of  Eomomica  and  Political  Science,  London: 
France :  Biblioth^ue  Nationale,  Paris. 
France :  Prefecture  de  la  Seine,  Paris. 
Germany:  Deutsche  Relchstags-Bibliothek,  Berlin. 
Greece :  Biblioth^ue  Nationale,  Athens. 

Haiti :  Secr^tairerie  d*£tat  des  Relations  ExtMeures,  Port  ao  Prince. 
Hungary :  Hungarian  House  of  Delegates,  Budapest. 

India:  Department  of  Education  (Books),  Government  of  India,  Calcutta. 
Ireland :  National  Library  of  Ireland,  Dublin. 
Italy :  Biblioteca  Nasionale  Yittorio  Emanuele,  Rome. 
Japan :  Imperial  Library  of  Japan,  Tokyo. 
Manitoba:  Provincial  Library,  Winnipeg. 
Mexico:  Instituto  Bibliogrftflco,  Biblioteca  Nacional«  Mexico. 
Netherlands:  Library  of  the  States  General,  The. Hague. 
New  South  Wales :  Board  for  International  Exchanges,  Sydney. 
New  Zealand:  General  Assembly  Library,  Wellington. 
Norway:  Storthingets  Bibliothek,  Christlania. 
Ontario :  Legislative  Library,  Toronto. 
Peru:  Biblioteca  Nacional,  lima. 
Portugal:  Bibliotheca  Nacional,  Lisbon. 
Prussia :  KSnigliche  Bibliothek,  Berlin. 
Quebec:  Legislative  Library,  Qu^i>ec 
Queensland:  Parliamentary  Library,  Brisbane. 
Russia:  Imp^al  Public  Library,  St  Petersburg. 
Saxony:  K(^igliche  Oeffentliche  Bibliothek,  Dresden. 

Senria:  Section  Administrative  du  Minlst^re  des  Affaires  Btrangftres,  Belgrade. 
South  Australia :  Parliamentary  Library,  Adtiaide. 
Spain :  Servicio  del  Cambio  Intemadonal  de  PubllcacloDea,  Cuerpo  FacoltatiTO 

de  Archiveros,  Bibliotecarios  y  Arqoe61ogos»  Madrid. 
Sweden:  Knngliga  Biblioteket,  Stockholm. 
Switzerland:  Biblioth^ue  FM^rale,  Berne. 
Tasmania:  Parliamentary  Library,  Hobart 
Transvaal:  Government  Library,  Pretoria* 
Turkey:  Department  of  Public  Instruction,  Constantinople. 
Uruguay:  Oflcina  de  Canje  Intemacional  de  Publicadones,  Montevideo. 
Venezuela :  Biblioteca  Nacional,  Carftcas. 
Victoria :  Public  Library,  Melbourne. 

Western  Australia :  Public  Library  of  Western  Australia,  Perth. 
Wflrttemberg:  KOnigliche  Landesbibliotheic,  Stuttgart 

OEPOSITOSIBS  OF  PABTIAL  8BTS. 

Alberta:  Legislative  Library,  Edmonton. 

Alsace-Lorraine:  K.  Ministerium  ftlr  Elsass-Lothrlngen,  Strassburg. 

Bolivia :  Ministerio  de  Colonizacl6n  y  Agricultura,  La  Pax. 

Bremen:  Senatskommission  ftir  Reichs-  und  Auswftrtige  Angel^enheiten. 

British  Columbia:  Legislative  Library,  Victoria. 

Bulgaria:  Minister  of  Foreign  Affairs,  Sofia. 

C^lon :  United  States  Consul,  Colombo. 

Ecuador:  BibUoteca  Nacional,  Quito. 
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Qgypt:  Blblioth^ue  KbMlyiale^  Cairo. 

Guatemala :  Secretary  of  tbe  GoTemment,  Gnatemala. 

Hambnrs:  Senatidcommiflsion  ffir  die  Beidis- and  Aomrilrtigen  Angeteflsnbelten. 

HeBse:  Groashozogliclie  Hof>Bibliotli^  Dumstadt 

HoDdnraa:  Secretary  <^  tbe  GoYenunent,  Tegucigalpa. 

Jamaica:  Colonial  Secretary,  KingstmL 

Liberia:  D^tartment  of  State,  Monrovia. 

Lonrenco  Marqnes :  Government  Library,  Lonrenco  Marqnei. 

Kaha:  lieatenant-Govemor,  Yaletta. 

Montenegro:  Minlstdre  des  AlTairea  ^trang^rea,  Cetinje. 

Natal:  Colonial  Secretary's  Office,  Pietermaritsburg. 

New  Bmnswick :  LeglslatiTe  Library,  St  Jobn. 

Newf6ondland :  Colonial  Secretary,  St  Jobn's. 

NIearagna:  Snperintendaite  de  ArcblYOS  Nacionalee,  Managua. 

Nortbwest  T^ritoriea:  Government  Library,  Regina.    . 

Nora  Scotia :  Provincial  Secretary  of  Nova  Scotia,  Halifax. 

Orange  River  Colony :  Govonmmit  Library,  Bloemfontein. 

Fsnama:  Secretaria  de  Beladones  Exteriores,  Panama. 

Pluagoay:  Oflcina  Gaieral  de  Infbrmacionea  y  Canjee  y  Commiaaria  General 

de  Inmigracion,  Asuncion. 
Prince  Bdward  Island:  Legislative  library,  Cbarlottetown. 
Bomnania:  Academia  Romana,  Bucarest 
Salvador:  Ministerio  de  Relaciones  Elxteriores,  San  Salvador. 
Siam :  De|Murtment  of  Foreign  AflUrs,  Banging 
Straits  Settlemoits:  Colonial  Secretary,  Singapore 

United  Provinces  of  Agra  and  Oodb :  Under  Secretary  to  Govemmoit,  Allababad. 
Vienna:  BQrgermeister  der  Haupt-  und  Reaidenz-Stadt. 

INTKBPABLIAiaEirTABT  KZCHAlfGS   OF  THE  OFFICIAL  JOURNAL, 


As  mentioned  in  previous  reports,  a  resolution  of  tbe  Congress  was  approved 
March  4,  1909,  setting  aside  sncb  number  as  might  be  required,  not  exceeding 
100  copies,  of  tbe  daily  issue  of  the  Congressional  Record  for  exchange,  through 
the  agency  of  the  Smithsonian  Institution,  with  the  legislative  chambers  of  such 
tbreign  governments  as  might  agree  to  9end  to  the  United  States  in  return  cur- 
rent copies  of  their  parliamentary  record  or  like  publication.  The  purpose  ot 
UUs  resfdution  was  to  enable  the  Institution,  on  the  part  of  the  United  States, 
to  more  fully  carry  into  effect  the  provisions  of  the  convention  concluded  at 
Bmssels  in  1886,  providing  for  the  immediate  exchange  of  the  official  Journal. 

The  QoYearuxDeaiB  of  the  Argentine  Republic,  Dounark,  and  Great  Britain 
^Te  entered  into  this  exchange  during  the  year.  A  complete  list  of  the  coun- 
^es  to  which  the  Congressional  Record  is  now  sent  is  given  below : 

"^Jgentine  Republic.  France. 

Great  Britain. 

Greece. 

Guatemala. 

Honduras.    > 

Hungary. 

Italy. 

New  South  Wales. 

New  Zealand. 

Portugal 


•^Mtralia. 
Aoitrla. 
j^aden. 
^^dgium. 
J^raiO. 
r^anada. 

J^^peof  Good  Hope, 
^^aba, 
*^^^DenmarlL 


Prussia. 

Roumania. 

Russia. 

Servia. 

Spain. 

Switzerland. 

Transvaal. 

Uruguay. 

Western  Australia, 


1 


38734* 


1911- 


Digitized  by  CjOOQIC 


50  ANNUAL  BEPOBT  SMITHSONIAN  INSTITUTION,  191L 

There  are  at  present  29  coontrlee  with  which  the  Immediate  exchange  of 
the  official  Journal  is  carried  on.  To  some  of  these  coontries  two  copies  of 
the  Congressional  Record  are  sent— one  to  the  upper  and  one  to  the  lower 
house  of  parliament — the  total  number  transmitted  being  84. 

It  may  be  repeated  in  this  connection  that  the  exchange  here  alluded  to  is 
separate  and  distinct  from  the  exchange  of  official  documents  which  has 
existed  between  the  United  States  and  other  countries  for  many  years.  It 
is  interparliamentary,  and  provides  for  the  immediate  transmission,  direct  by 
mail,  of  the  official  journal  as  soon  as  published. 

LIST   OF   BXTBBAXJS    OB   ▲OXNOnCS   THBOXTOH    WHICH    EXOHANGBI    ABE   TBANSMITTED. 

The  following  is  a  list  of  bureaus  or  agencies  throng  which  the  distribution 
of  exchanges  is  effected.    Those  in  the  larger  and  many  in  the  smaller  coontries 
forward  to  the  Smithsonian  Institution,  in  return,  contributions  for  distribution 
in  the  United  States: 
Algeria,  ria  France. 
Angola,  via  Portugal. 
Argentina:   Oomisidn  Protectors  de  Bibliotecas  Populares,  Reconquista  6881, 

Buenos  Aires. 
Austria :  K.  C  Statistische  Central-Oonmiisslon,  Vienna. 
Azores,  via  Portugal. 

Barbados:  Imperial  Department  of  Agriculture,  Bridgetown. 
Belgium:  Service  Beige  des  ^changes  Int^nationaux,  Rue  du  Hu8(^  5,  Brus- 
sels. 
Bolivia:  Oflciua  Nacional  de  Betadfotica,  La  Paz. 
Brazil:  Servigo  de  PermutacCes  Intemacionaes,  Bibliotheca  Nacional,  Rio  de 

Janeiro. 
British  Colonies:  Crown  Agents  for  the  Colonies,  London.* 
British  Guiana:  Royal  Agricultural  and  Commercial  Society,  Georgetown. 
British  Honduras:  Colonial  Secretary,  Belize.  1 

Bulgaria :  Institutions  Scientiflques  de  S.  M.  le  Roi  de  Bulgarie,  Sofia. 
Canary  Islands,  via  Spain. 

Cape  Colony :  Government  Stationery  Department,  Cape  Town. 
Chile:  Servicio  de  Canjes  Intemacionales,  Biblioteca  Nacional,   Santiago. 
China:  Zi-ka-wel  ObservatOTyi  Shanghai. 
Colombia :    Oflcina  de  Canjes  Intemacionales  y  Reparto,  Biblioteca  Nacional, 

Bogota. 
Costa  Rica :  Oflcina  de  Depdslto  y  Canje  de  Publicaciones,  San  Jos6. 
Denmark:  Kongelige  Danske  Yldenskabemes  Selskab,  Copenhagen. 
Dutch  Guiana:  Snrinaamsche  Koloniale  Bibliotheek,  Paramaribo. 
Ecuador :  Ministerio  de  Relaciones  Bxteriores,  Quito. 
Egypt:  Director-General,  Survey  Department,  Giza  (Mudiria). 
EYance:  Service  Francais  des  Echanges  Intemationaux,  110  Rue  de  Grenelle, 

PaHs. 
Germany:  Amerika-Institut,  Berlin,  N.  W.  7. 
Great  Britain  and  Ireland:  Messrs.  William  Wesley  &  Son,  28  Essex  Street, 

Strand,  London. 
Greece:  BibllothSque  Nationale,  Athais. 
Greenland,  via  Denmark. 


»Thl8  method  is  emplojed  for  communicating  with  scTeral   of  the  British   colonies 
with  which  no  medium  is  aTallable  for  forwarding  exchanges  direct. 
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Guadeloiipe^  Tla  Fnmce. 

Guatemala:  Institiito  Naci<mal  de  Varones,  GnatemaUu 

Guinea,  tUl  PortngaL 

Haiti:  Secretaire  d'Etat  des  Btiatloiui  Rxttelenrea,  Port  an  Prince. 

Hondiiraa:  Biblioteca  Nadooal,  Tegociga4[ML 

Hnnsaiy:  Dr.  Jnlina  Pikler,  MonidiMa  Office  of  Statistics,  Gltj  Hall,  Budapest 

Icdand,  ria  Denmark. 

India:  India  Store  Department,  India  Office,  London. 

Italy:  Uffldo  degU  Scambl  Internasionali,  Biblioteca  Naaionale  Vittorio  Bman- 

nele^  Rmne. 
Jamaica :  Institute  of  Jamaica,  Kingston. 
Japan :  Imperial  Library  of  Japan,  Tokjo. 
JaTa,  Tla  Netherlands. 

Korea:  His  Imperial  JaiMUieae  Majesty's  Reeidoicy-Genera],  SeooL 
liberia:  Department  of  States  Monroyia. 
Looreoco  Marqnez :  Government  Library,  Lourenoo  Marques. 
Luxemburg,  via  Germany. 
Madagascar,  via  France. 
Madeira,  via  Portugal. 

Monten^TO :  Minist^re  des  Affaires  Atrang^res,  Getinje. 
Mcoambique,  via  Portugal. 
Natal :  Agent-General  for  Natal,  London. 
Ketberlands:  Bureau  Scientiflque  Ceitral  N6erlandais,  Biblioth^ue  de  rUni- 

New  Guinea,*  via  Netherlands. 

New  South  Wales:  Board  for  International  Bzchanges,  Public  Library,  Sydney. 

New  Zealand :  Dominion  Museum,  W^lington. 

Nicaragua :  Ministerio  de  Reladones  Exteriores,  Managua. 

Norway:  K<mgellge  Norflke  Frederiks  Universitet  Bibliotheket,  Christiania. 

Pianama :  Secretaria  de  Reladones  Exteriores,  Panama. 

Paraguay :  Ministerio  de  Bdaciones  Exteriores,  Asuncion. 

Persia :  Board  of  Foreign  Missions  of  the  Presbyterian  Church,  New  Tork  City. 

Pern:  Oflcina  de  Reparto,  Dep6sito  y  Canje  Intemacional  de  Publicaciones, 

HiniBterio  de  Fomento,  Lima. 
Portugal :  Senrico  de  PermutacOes  Intemacionaes^  Bibliotheca  Nacional,  Lisbon. 
Qneensland:  Board  of  Exchanges  of  International  Publications,   Parliament 

House,  Brisbane 
Bmsia:  Conunission  Russe  des  Echanges  Intemationaux,   Biblioth^ue  Im- 

pftriale  Publique^  St.  Petersburg. 
Salrador:  Ministerio  de  Relaciones  Exteriores,  San  Salvador. 
Serria :  Section  Administrative  du  Ministdre  des  Affaires  Etrang^res,  Belgrade. 
Siam:  Department  of  Foreign  Affairs,  Bangkok. 
South  Australia :  Public  Library  of  South  Australia,  Adelaide. 
Spain:  Senrlcio  del  Cambio  Intemacional  de  Publicaciones,  Cuerpo  Facultative 

de  Ardiiveros,  Bibliotecarion  y  ArqueClogos,  Madrid. 
Smnatra,  via  Netherlands. 

Swedffii :  Kongliga  Svenska  Vetenskaps  Akademien,  Stockholm. 
Switzerland :  Service  des  Echanges  Intemationaux,  Biblioth^ue  FM^rale  Cen- 

trale,  Bern. 
Syria :  Board  of  Foreign  Missions  of  the  Presbyterhin  Church,  New  Tork. 
Tasmania :  Royal  Sodety  of  Tasmania,  Hobart 
Tnm97aal;  Government  Library,  Pretoria. 
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Trinidad:  Victoria  Institotei  Port  of  Spain. 

Tunis,  via  France. 

Turkey :  American  Board  of  CommiMioneni  for  Foreign  Miasioiifl,  Boston. 

Umguay :  Oflcina  de  Oanje  Intemacional,  Honterldeo. 

Yenesnela :  Biblioteca  Nacional«  Caracas. 

Victoria :  Public  Library  of  Victoria*  Melboume. 

Western  Australia :  Public  Library  of  Western  Australia,  Perth. 

I  may  add  here,  as  a  matter  of  record,  that  I  was  apfx^ted  assistant  secre- 
tary in  charge  of  Library  and  Krcbanges  on  June  1, 1911. 
Bespectfully  submitted. 

F.  W.  Tbuk, 
Asaiatant  Beoretarp  in  OhMr$e  cf  Lihrwy  amd  Bmehtmffea. 
Dr.  Ohables  D.  Waloott, 

Beoretary  of  the  BnUthsonian  Institution, 
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AppENmx  IV. 

REPORT  ON  THE  NATIONAL  ZOOUXUGAL  PARK. 

Sib:  I  have  the  bonor  to  present  herewith  a  report  of  the  operationB  of  the 
Kitknal  Zoological  Park  for  the  fiscal  jear  aiding  June  30,  1911. 

The  general  approi»rlatlon  made  by  Congress  for  that  year  was  $100,000,  and 
ia  addition  to  this  an  appropriation  of  $15,000  was  made  for  roads  and  waiks. 

The  cost  of  malnt^iance  was  $81^25,  and  the  amount  remaining  from  the 
COMral  approprlati<m,  $18^675,  was  expended  in  varions  ImproYements  and 
leptirs. 

AOCTSSIONS. 

Afflong  the  Important  accessions  of  the  year  were  a  pair  of  Haytian  soleno* 
doofl,  a  rare  Insectivorons  mammal,  presented  by  Mr.  and  Mrs.  Franklin  Adams 
ot  the  Pan  American  Union.  A  pair  of  northern  fur  seals  was  received  from 
the  United  States  Bureau  of  ^Fisheries,  a  fine  female  grizzly  bear  from  MaJ. 
E  C.  Benson,  acting  sup^intendent  of  the  Yellowstone  National  Park,  and 
four  Virginia  deer  trom  Qen.  Joseph  8.  Smith,  manager  of  the  National  Soldiers 
Home,  Bangor,  Maine.  By  purchase,  the  park  obtained  a  hippopotamus,  an 
Bast  African  buffalo,  three  prong-horn  antelopes,  a  pair  of  reindeer,  a  large 
Asiatic  macaque  monkey,  and  yarlous  other  animals.  Some  important  animals 
were  also  obtained  by  exchange,  as  noted  below.  The  accessions  included  about 
twenty  species  not  before  represented  in  the  collection. 

Barly  in  its  history  the  park  exhibited  for  two  years  a  hippopotamus  which 
had  been  reoelTed  as  a  loan.  Since  that  was  withdrawn  the  species  has  not 
been  represented  in  the  collection.  The  present  animal,  a  female  about  2  years 
old,  is  from  East  Africa  and  weighs  850  poimds.  T^  buffalo  was  captured  in 
German  East  Africa  and  is  believed  to  be  the  rorm  described  as  Buffelus 
neumanni.  The  African  buffalo  has  for  some  time  been  rather  difficult  to 
obtain,  and  the  park  was  fortunate  in  being  able  to  secure  a  specimen  at  com- 
paratively small  cost  It  was  also  fortunate  in  obtaining  in  western  Texas  a 
male  and  two  female  prong-horn  antelopes,  all  adult,  from  which  two  vigorous 
young  have  been  bom.  Through  an  animal  dealer  on  the  Pacific  coast  the  large 
brown  macaque  monkey  of  southeastern  Asia  and  several  other  species  new 
to  the  collection  were  obtained  which  had  not  been  procurable  elsewhere. 

EXCHAIIGBS. 

Surplus  animals  were  disposed  of  by  exchange  as  usual,  in  accordance  with 
the  terms  of  the  act  establishing  the  park.  They  were  sent  to  the  New  York 
Zoological  Parle,  the  London  Zoological  Garden,  and  varioua  dealers  and  private 
individuals.  In  return  for  these,  the  park  secured  a  number  of  important  ani- 
nuOs,  including  a  fine  specimen  each  of  bontebok,  blessbok,  and  springbok,  a 
snail  anteater,  a  pair  of  tenrecs  (insectivorous  mammals  of  Madagascar),  and 
other  nuunmals  and  birda  The  bont^ok  and  blessbok,  which  are  very  beautiful 
AfHcan  antel<^[)ee,  are  especially  valued,  as  the  former  now  exists  only  in  a  f^ 

S8 
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semiwild  hards  in  Gape  Colony,  300  indiyidnals,  pertiaps,  remaining  from  the 
**  thousands  upcn  thousands*'  described  by  early  hunters  in  South  Africa,  while 
the  lattar  has  been  greatly  reduced  in  numbersL 

Whenever  possible,  direct  exchange  was  made,  but  where  the  person  who 
desired  to  obtain  an  animal  from  the  park  had  nothing  acceptable  to  offer, 
the  exchange  was  ^ected  through' some  one  of  the  responsible  dealers  In 
animals. 

Black-crowned  night  h^tms  had  bred  so  fredy  in  the  flying  cage  that  it  be- 
came a  necessity  to  materially  reduce  their  number  and  some  were  aait  (as  gifts) 
to  the  New  York  Zo<4ogical  Park,  London  Zocdogical  Garden,  and  the  park 
departmaits  of  St.  I^ouis  and  Rochester. 

Animals  i»  the  ooUeoiion  Jwie  SO,  1911. 
MAMMALS. 


GrlTet  monkey  iCeroopitheou9  9ahmu9)~  1 
Green  monkey    (Oeroopitheoua  caUiiri- 

dhu$) 1 

Mona  monkey  {Oercapithetmt  mona) 2 

Diana  monkey  (Cereopitheoua  diama) —  1 
Sooty  mangabey   iOeroocetu9  fuHgimo- 

9ua) 2 

Whlte-collared    mangabey    (Cercoctim$ 

ooUaria) 1 

Bonnet  monkey  {Macacui  8inicu$) 1 

Macaque    monkey    (Macacus    cynomoU 

Ous) 5 

Pig-tailed  monkey   (Mooacua  newtc»tri- 

mu) 8 

Rhesus  monkey  (JfocaciM  rAe«tt«) 15 

Brown  macaque  (Macacu9  arctaidea) 4 

Japanese  monkey  (MacacuM  fu9eatu9).  4 
Formosan  rock-macaque   iMaoacu$  cy- 

oloni9) 1 

Black  ape  iCynopitheou$  niffer) 1 

Anubis  baboon  (Papio  anubU) 1 

Bast  African  baboon  (Papio  oynoceph- 

alua) 1 

Cbacma  {Papio  poroariuM) 1 

Mandrill  (Papto  ma^mofi) 4 

Drill  (Papio  leucoph<Bu») Jfe 1 

Gray  spider  monkey  {AteU$  geoffroyi).  1 
Wbite-throated  capuchin  monkey  (Cediw 

hypol€uou$) 3 

Brown  monkey  (0ehu9  fatueUu$) 8 

Weeper  monkey  (Cebus  capuoinu9) 1 

Ruffed  lemur  (Lemur  variiu) 1 

Ring-tailed  lemur  (Lemur  catta) 2 

Tenrec  (Cenietee  eoaudatue) 2 

Polar  bear  (Thaiarotoa  mariUmu9) 3 

European  brown  bear  (Ur$u9  ardoe)^^  8 

Kadlak  bear  (UreuM  middendorffi) 1 

Yakutat  bear  (Ureue  dalH) 1 

Alaskan  brown  bear  (Ur$u9  gpas) 5 

Kidder's  bear  (Urtus  kidderi) 1 

Himalayan  bear  (UreuM  ihfbeianua) —  1 

Grizzly  bear  (UreuM  JwrriUHe) 4 

Black  bear  (Ureua  amerUxmua) 9 

Cinnamon  bear  (Ureue  amerioanue) —  8 

Sloth  bear  (MelureuM  ursinui) 1 

Kinkajou  (Cercolepiee  oaudivolvulue) ^  1 

Cacomistle  (Sastarieoua  astuta) 1 

Gray  coatlmundi  (Naeua  narioa)^ —  8 

Raccoon  (Proopon  loior) 17 


American  badger  (Taaidea  omerieama)^  4 

Common  skunk  (MephMe  mepMUoa).^  8 

WolTerlne  (Oulo  Ihscm).. 1 

American  marten  (Mu9iela  amerioama)^  2 

Fisher  (Mu9tela  penmantU) 1 

Common  ferret  (Putoriue  putoriua) 1 

Black-footed  ferret  (Puioriue  iM^Hpes ) .  S 
North  American  otter  (Lu$rm  otmadm- 

•ie) 6 

Eskimo  dog  (Canie  familiarie) 2 

Dingo  (CamU  dimffo) 4 

Gray  wolf  (Oani»  ooddenialit) 6 

Bla<^  wolf  iOomit  oeoldmimU») 1 

Coyote   (OoMls  Mtmm) 4 

Woodhouse's  coyote  (OomIs  fruetror) 6 

Crab-eating  dog  (OoaIs  otmcrivoru*) 1 

Red  foz   (Fttlpet  peiifi«ifliHiii4oii«) 4 

Swift  ftn  (Vulpee  veto*) S 

Arctic  foz  (VuipeB  tatropus) 2 

Gray  foz  (Uroepon  oimoreo-argenUut) ^  6 

Striped  hyena   (Hyana  eiriata) 1 

African  palm  civet  (Viverra  oivetia).  1 

Common  genet  (Cfemetta  oemetta) 2 

Sudan  lion  (FeUt  leo) t 

Kilimanjaro  lion   (FeH$  leo  euhaktem- 

ai») 5 

Tiger  (FeUi  tiffrie) 8 

Coogar  (PeKf  oregoneneie  hippoleetee)  2 

Jagoar  (FeUe  onoa) l 

Mezican  jaguar  (FeUe  onoa  goldmoM)  1 

Leopard   (Felie  pardue) 8 

Black   leopard    (FeUi   pardue) 1 

Serral    (Felie  eerval) 1 

Ocelot  (FeUe  patrdaUe) 1 

Canada  lynz   (Lynm  eamadeaeii) 1 

Bay  lynz  (Lyna  rufue) 4 

Spotted  lynz  (Lynm  rufue  teaeneie) 1 

Florida  lynz  (Lyna  rufue  floridamue)^  i 

Steller's  sea  Uon  (Bmmeiopiae  etetteri)  1 
California  sea  lion  (Zalophue  califomi- 

anu9) 8 

Harbor  seal  (Phooa  vituUaa) t 

Foz  aqolrrtl  (Beiurue  miger) ...  1# 

Western  foz  squirrel   (Boiurue  ludavi^ 

cianu*) «  8 

Gray  squirrel  (Boi^true  oaroUneneie) 40 

Black  squirrel   (Bohurue  ooroMneiMfo) .  89 

Prairie  dog  (Oynomya  Imdoviolomte) 71 

Alpine  mannot  {AroUmy$  mormotta)^  8 
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WooddiiKk   (Ani^mifi  ««m») 

Ameikmn  beftTer  {Catior  OMMdestit). 

CoTpa   (Mifoeattor  coyyut) ^ — 

HntU-cooga  (Oapromuf  i^OoriSet) 

lodtin  poreoplne  (Hwtirim  teucmrm)^^ 
Mexican  agoatl  (Dutppraot*  mtmieamm) 

Asart's  agoatl  (Datyproclo  amrm) 

Golden  agoatl  (Dmtifproct^  otnM).^^^ 
Halry-nimped      agoatl       {Dosifpro^^ 

pryamolopAa) ,-^,  ..,,-,  i.,.   ,., 

Faea  (Oalo0«»ii«  pmea) .... .... 

Guinea  pig  (Covia  ouileri) 

Patagonlan   cavy    iDohckoHt   patago' 

fiiea) .. .- . 

Domestic  rabbit  iLeput  eumiouluM) 

Cape  hyraz  (Prooavia  oopawte) 

Indian  elephant  (^lepA«f  mamtmu9)^ 
Brasillan  tapir  (Tapirut  otMrioamu) ^ 

Orery's  aebra  (Squut  gretnH) 

SSebrardonkey    bjbrtd    (Bqwu    grw9^ 

Oranraxebra  iBquu9  InuroheXU  gromii) . 
Collared  peccary  {DiootyUt  wnguMmB). 

WIM  boar  {8mm  sorofa) 

NorUmn  wart  hog  (PhacocJwrui  aprir 


Hlppopotaxnna  (frippopotaintia  ompMb- 
tei) 

Goaoaco  iLama  huanachvM)— 

Llama  {Lama  glama) 

Alpaca  {Lama  pacoM) 

VIcngna  (Lama  vicugna) 

Bactrlan  camel  (CameluM  bacirianut)^ 

Montjac  {CervuluM  wiuntjac) 

Sambar  deer  {Cervus  arittoteUB) 

Philippine  deer  {Cervu$  pMUppitMia)  — 

Hog  deer  {Cervun  porcinua) 

Barasingha  deer  {CervuM  duvaucelU)  — 

Axle  deer  {Cervua  a^ia) 

Japanese  deer  (Cervui  9ika) 

Bed  deer  {Cerv%9  elaphu%) 

American  elk  {Cervu%  canaden»i9) 

Fallovdeer  {Cervut  dama) 


S 
4 
S 

2 
2 
1 
2 

1 

6 

1 

13 

a 

41 
2 

1 
2 

1 

1 
1 
8 

1 


Reindeer  {Ramgifmr  iaramdua) 

Virginia  deer  {OdoootieuM  virifimianut). 

Male  deer  {OdoooUeu$  hemUmuM) 

Oolombian  black-tailed  deer  {0do€oiieu9 

ooliMiibiaiMif ) 

Coban  deer  {OdocoUeuM  wp,) . 

Prong-horn  antelope  {AnUlooapra  ammr- 

ioana) ... 

Coke*8  hartebeeat  (BuboUt  cokei) 

Bontebok  iDoaiaMaeiM  pygargua) 

Bleesbok  (DmmaiUomt  aMframa) 

White-tailed  gna  {Cotinoeh4Bt€9  putt).. 
Deteasa  water  bock  (Cob«it  de/aaa«)-. 
Indian  antelope  {AniUope  cervioopra). 

Springback  (AnUd^reaa  tuehore) 

Qrant*8  gaaelle  {CfaseUa  gramU) . 

Nilgai  (Boaalgp^nt  iragocamehu) .. 

Congo  hameaaed  antelope  (IVopetap^iia 

gratU9)  

Baat  African  eland  (Great  canna  paP 

tertatUmmmB) 

Chamola  (Jtvpicopra  lrapt<a) 

Tahr  (Hemi^ragua  ^ew^aieua) 

Common  goat  (Copra  hkrcua) 

Angora  goat  (Copra  Mrona) 

Barbery  aheep  (OvU  tragtimphua) 18 

Barbados    sheep     (Otfia    ariea-irageia- 

phua) 

Anoa  (Aiioa  deprmaioormia)  ^^ 

Baat    African    buffalo    (Buffehia    naU' 

manni) 

Zeba  (Biboa  indUma) 

Yak  (Poephagua  grumUena) 

American  blaon  (B<to»  omario— m) 12 

Hairy  armadillo  (Daaypua  vittaaua) 2 

Wallaroo  (ifooropifa  robitatiit) 

Red-necked  wallaby  (ifaoropiia  m^lool- 

Ua) 

Bruah-talled  rock  kangaroo  (Petrogale 

pmieaiata) 2 

Virginia  oppoaom  (Didelphtfa  maraupi- 

alia) 2 


BIRDS. 


Boropean  blackbird   (iferato  merula).  1 

Catbird  (Dumetella  earoHnenaia) 1 

Brown  thrasher  (Toxoaioma  rufum).-  1 

Japanese  robin    (Lioihritt  Juieua) 2 

laughing    throah    (Garrulam    leueola^ 

9hiu) J  2 

Orange-checked  waxblll  (Bair^da  met" 

poda) 8 

Cordon-blea  (Batrelda  phtmUooiia) 8 

Cnt-throat  finch  (Amadina  foaototo)..  4 

Zebra  finch  (Amadina  oaatanoUa) 2 

Black-headed     finch     (Munia     atriea- 

pma) 2 

White-headed  finch  (MwUa  m«/a) 5 

Nutmeg  finch   (Munia  punoiularia) 4 

Jara  sparrow  (Mitnia  arytivora)^! —  10 
White    Jaya    sparrow    (Munia    arppi- 

vora) 0 

Parson  finch    (PoSphUa  oinata)  1 

Bearded  finch  (SpermophUa  ap,) 2 

Madagascar  weaver  (Faudia  madagaa- 

oortontte) * 4 

Bed-bnied  weaver  (Quelea  qnelea) 8 


Whydah  weaver  (Vidua  paradiaaa) —  4 

Painted  bonting  (Paaaerina  oiria) 2 

Red-crested  cardinal    (Paroaria  cueuU 

lata) 10 

Common    cardinal     (Cardinalia    oardi- 

naUa) 1 

Rose-breasted  grosbeak  (Zamelodia  lu- 

doviciana) ^ 1 

Siskin   (Spinua  apinua) 2 

European     goldfinch     (OardueUa     ele- 

gana) 1 

Tellow  hammer  (Bmharimi  oiUrinella)^  2 

Common  canary   (SeHmua  oanoHaa)..  12 

Bullfinch    (Pprrhula  europwa) 18 

Cowbird  (Molothrua  aiar) 1 

Purple  grackle  (Quiaoalua  quiaoula)^^  l 
Red-winged   blackbird    (Agelaiua  phca- 

nioeua) 9 

Common   mynnh  (Aoridaikerea  triatia) .  l 

European  raven   (Carvua  ooratf) l 

American   raven   (Oorvua  coram  ainm- 

atua) 1 

Blue  jay   (Opanocitta  crUiaia) 8 
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maflple   (ISm  piem) 1 

Amertcma     BMPte     {Pica    piem    kmd- 

90u4cm) 2 

npliw  crow  (gyworfclwg  Ubieen) —       2 

Glut  ktefflaher  (Dooelo  ^t^ot) 1 

Snlpbor-crested  cockatoo  {Cacttna  go- 

lerUm) 3 

Whtto  eoekmtoo  (OomIm  cite) 6 

Le«£be«tcr's  cockatoo    {Caeutua  lead- 

bemteH) 1 

Bar«-«7od     cockatoo     {Cmcmtma    gw^ 

•opfo) 2 

Boseate    cockatoo     (CacaUm    ro^eioa- 

pOU) 8 

Oanc-gang     cockatoo      iC^Uooephmiom 

ootoatwai)  ^^, »..»„»»-.»,  ---m^T.r^-  1 
Yellow  aod  Mae  macaw   {Ara  armrmu- 

•m) 2 

Bed  and  yellow  and  blue  macaw  (Arm 

maffgff)  -,———_— -.^.  ---,^--.        3 

Bed   and   blue   macaw    <Ar«   oMero^ 

Great  sreen  macaw  (Arm  mOUarU)^  1 

Kea  iNe$ior  ncimbWt) 1 

Mexican  connre  {Oonmnu  JbolooUoma)  1 
Carolina    paroquet    (OommrQp9i$    earo- 

Umen9i$) 2 

Tori   parrakeet  {Brdootry  fugula/rU) .  1 

CqImui  parrot  (AflMMMMlenoocepftala)-  2 
Orange-wloced  amason  {Amazona  ama- 

aonioa) 1 

Porto    Blcan    amaxon    {Amaeona    vit- 

taia) 1 

Tellow-abonldered    amaaon     {AwMzona 

oohropterm) 2 

Tellow-fronted  amaxon  {Awiosima  oeh- 

rooephala) 2 

Tellow-headed  amaxon  (Amazona  levaU- 

lanfi) 1 

Leaaer  rasa  parrot  (Coraeop^U  nigra).  2 
Pigeon    parrakeet    (PalmomiM    ooIim»- 

haide9) 1 

Love  bird  (AgapomU  pullaria) 3 

Green  parrakeet  (Lorioulu9  sp.) 2 

Pennant'!  parrakeet  (Plafgcercu9  ele- 
gant)    1 

Pale-beaded  parrakeet  (Plaipoercue  pal- 

lidioepe) —  1 

Sbell   parrakeet    (Melopeittaeue  undn- 

latu9) 1 

Great  bomed  owl  (Bubo  virginianue) .  13 
Arctic  bomed  owl    (Bubo  virginianut 

eubaroUeua) 2 

Screecb  owl  (Otue  oHo) 2 

Barred  owl  (Bfriit  varia) 2 

Bam  owl  (Aluoo  pratinoola) 1 

Sparrow  bawk  (Paieo  eparveriue) 1 

Bald  eafle  (HalU^Hue  leuoooephaiuM) .  13 
AtaBkan   bald   eagle  (HalUtStus   leuco- 

oephiilue  aUucanu0) 1 

Sbort-talled  eagle  (TerathopUu  eoamda- 

tU9)  - 1 

Harpy  eagle  (Thraaaitut  harppia) 1 

Crowned  bawk  eagle  (8pUfa9tu$  coro- 

natue) 1 

Bast  African  bawk  (Buieo  sp.) 1 

Bed-taUed  bawk  (Buteo  borea94§) 2 


Bcd-akovldcred  hawk  (Bmim  UmoIm).  1 

Sbarp-aktBBed  hawk  (AeeipUer  velam) .  1 

ycncsoelan  bawk 1 

Caracara  (Poipbarue  ehariwap) S 

Tdimiiiwgeyei  {OppmBtm  bmr^t^Uu) 1 

Soatb    Afikin    eoador    (Bmreorham- 

phu9  grppkut) 2 

California  eondor  (Opwmegpps  ^mUfor- 

nfanar) 8 

Griffon  Tultnre  (Oppe  fmhme) 2 

BgyptlaB  Toltnre   (Seaphram  perenop- 

temt) 1 

PUeated  Tnlture  (Nmphirm  pOeatue) ._  1 

Turkey  Toltnre  (CatkmrUa  mmra) 5 

Black  Tnltnre  (Cmthmritn  mrtM) 1 

BHng  Tnltnre  (Oppmgu»  p«p«) 1 

Ring  dore  (Coimmbn  paiuwihue) 17 

Bed-billed    pigeon    (Cotmmba    Mviroe- 

trif) 4 

Honming  doTe  (Eenaidmn  aMcrowrs).  9 

Peacefnl  dore  (QoopgWa  tramquXUa)  ._  2 

Cape  dove  (iBna  oapentia) 2 

Crested  pigeon  (Oeypkapt  lopJboiet) 1 

Cbacbalaca  (OrUUe  veUOa) 's 

Pnrpllsb    gnan     {Penelope    pwrpwroe- 

eene) l 

Mexican  cnraasow  (Oram  globieera) 2 

Cbapinan*s  cnraasow  (Cram  cMapmani).  1 
Danbenton*s   cnraasow    {Cram   dauben- 

ionA) 1 

Wild  tnrkey   (Mt^eagrie  gaUopavo  eil- 

veetrU) 18 

Peafowl   (Paro  erietata) S7 

Jungle  fowl  (CfaUuB  bankiwt) 1 

Beeves's  pbeasant  (PhaHanue  reeveei)^  1 

Golden  pbeasant  (T7ho«ifiol00  pieto) 1 

Silver  pbeasant  (FaplocasiM  npcthem' 

eru$) 2 

Black  cock  (Lprurua  ietrir) l 

Bnropean  quail  (Cotumim  communU) 1 

Hungarian  partridge  (Perdim  perdim).  8 

Bobwblte   (CoUnue  v*rg§nimnm9) .     1 

Mountain   quail    (Oreortpm  pteta) 4 

Scaled  quail    (CoIHpepla  equamata) 2 

California    quail     (Lophorfpm    caUfor- 

nioa) 1 

Massena  quail  (Cyrtonpx  montemma) .  10 

Purple  galllnule  (Porphprio  ocsrulea).  1 
Black-backed  galllnule  (Porphprio  sis- 

lanotu9) 2 

American  coot  (PuUca  amerioona) li 

Fllgbtless  rail  (OoydrvsMit  avttnaUi).  2 

Common  cariama   (Cariatna  crietaia).  l 

Demoiselle  crane  (Anthropoidee  virpo).  5 

Crowned  crane  (BolaoHoa  pavon4ma)^  8 

Sandbill  crane   (Orue  memioana) 2 

Australian     crane     (Grue    auMtraloH- 

ana) i 

Indian  wblte  crane   (Chrua  leueogera- 

ant). 2 

Tblck-knee    ((Bdienemua  grattariue) l 

Ruff  (Maoheiee  pugnam) 4 

Black-crowned   nigbt   beron    (Npetico- 

ram  nyeticoram  nwviue) 81 

Little  blue  beron  (Florida  oisnilea) 1 

Louisiana  beron   (Hpdranaeea  tricolor 

rufieoUiB) 1 
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BeddJih  egret   ( 

emu) 8 

Snowy  egret  {BgreUa  camdidi99imi9) 4 

Oreat  white  beroQ  {HerodUu  egrttU).  1 

Orett  Mue  heron  (ArdM  *«ro4tet) —  4 

Boet-bUl  {CtMcroma  cochlearia) 2 

Black  stork  (Oieomia  niifra) 1 

White  stork    (Oicomia  eioouia) 2 

Maraboa  stork  (Leptoptilus  tfiiMiM)...  1 

Wood  ibis  (Mvcteria  ^mmricmta) S 

Saoed  ibt»  (/Ms  mihiapiom) 4 

White  Ibis  {OMora  oJha) 21 

Boseate  spoonbill   (Ajaja  aja^) 3 

Enropean  flamingo  (Ph€Bmioopieru$  on* 


Tmmpeter  swan  <  Olor  buccinator) 

Whistling  swan   {Olor  columhiawm$) .. 

Mote  swan    {Cygnm$  gibbua) 

tfoBCory  dnck   {Cotrkm  fnotchaia)  — 
White   mnscory    dock    (Cairlma 
etote) 


Wandering  tree-duck  (Dendroopgm*  mt- 
atata) 

FqItoos  tree-dn^  (DendrooMma  M- 
coter) 

Aastrallan  wood-dock  (Chenonetta  fu- 

(do) 

Egyptian    goose    (Chomalopem    wgyp**- 


t). 


Brant  {Branta  hemtcla  glaucogoMtro)  ^ 

Canada  goose   (Branta  canadenHi) 

Hntchlns's   goose    (Branta  oanaden$i$ 
kmtchinaU) 

Lesser    snow    goose     (Chen    Ayper^o- 

Greater  snow  goose  (Chen  hwerUtrtuB 
9i9aU$) 


Amerleui  wlilte-^^Mited  goose    (Ammt 

albifront  gamheli 

Chinese  goose  (Anger  cvgnoidci) 

Ced-headed  dnck  (MarUa  amcricana). 

Wood  dock  (Aim  9pon9a) 

Hnndarln   dock    (Dsndreimss   gatwi' 

enlata)  ,^,,,. . ^^ 

Pintail  (DafUa  acuta) 

ShoTeler  dnck  (Bpatula  clypeaia) 

Blue-winged    teal     (Querqucduia    dto- 

con)  -„-__,__,_,,^,__,._.^_„,„ 
Green- winged    teal     (Nettion    carolim- 

ente) , 

Blnck  dnck  (Ana$  ruhripm) 

Mallard  (AnoM  platwrhpnchoe) 

American    white    pelican     (PelaooiHis 

erifthrorhifncho9) 

Enropean    white    pelican     (Pelecanu9 

onocrotaluM) 

Roseate  pelican  (Pelecanu$  ro9cu$) 

Brown  pelican  (Poiooamut  occidmtaU$) 
Black-backed  gull  (LaruM  mariatis)-.- 

Herring  gull  (Lame  argontatu9) 

American  herring  gull  (Laru9  argenta- 

iu9  9mithMonkinu9) 

Langhing  gull  (Lanu  atricMa) 

Oannet  (8ula  ha»9ana) 

Florida  cormorant  (Phalacrocoram  a«H- 

tu8  floridanuM) 

Mexican  cormorant  (Phalacroooraa  vi- 

gua  rnertoowMt) 

Water  turkey  (AnIUmifa  onMnga) 

Somali     ostrich     (Struthio     molybdo- 

p^fiet)  -. 

Common  cassowary   (0a9umriu%  galoa- 

tu$) 

Common  rhea  (Rhea  amerioana) .. 

Emu  (Droinwu$  novm  holkmdim) 


REPTILES. 


AUlgator  (AUigaior  mUHMHppientig) ..  16 

Painted  turtle  (Chrycmye  pieU) 4 

Diamond-hack  terrapin   (Jfolooooiesiys 

paiu9trU) 1 

Three-toed  box-tortoise  (OUtudo  trium- 

guU) 6 

Painted  box-tortoise  (Oittudo  omata).  5 

Gopher  turtle  (Xerobat€»  polyphcmu$)^  1 
Doncan  Island  tortoise  (TssIinIo  ep^- 

pUm) 2 

Albemarle  Island  tortoise  (Tettudo  vi- 
dua)    2 

Comb  Usard  (Ctenoiaura  sp.) 1 

Alligator    lizard    (8celoporu9    widula- 

tUM) 2 

Homed    lizard     (Phrynoeotna     oom^ 

Um) 1 

GOa  monster  (Helodenna  »u$peotwn)  .  4 

Green  lizard  (Lacerta  viridit) 1 

Anaconda  (Bunectes  murinus) 2 

Common  boa  (Boa  comtrictor) 1 

Antmean  boa  (Boa  diviniloqua) 1 

Cuban  tree-boa  (fptorates  aiti^itlifer)..  3 


Spreading    adder     (Hetorodon    ptoly- 

rhinu$) 

Green  snake  (Cyclophig  W9tivu4) 

Black  snake  (^osiefilt  constrictor) 

Coach- whip  snake  (Zamcnit  flagellum)^ 

Com  snake  (Ooluher  guttatu$) 

Common  chicken  snake  (ColuJfer  quad- 

rivittaiuM) 

Gopher  snake  (CompeoMnna  oora4$  coih 

perU) 

Pine  snake  (Pittfophia  melanoleucuM)  . 

Bull  snake  (PityophiB  $ayi) 2 

Texas  chicken  snake   (OphiJtolue  caUi- 

gatter) . 2 

King  snake  (OpMbolu*  getulus) 2 

Texas  garter  snake  (17wt(Bnto  prosima).      1 
Water   moccasin    (Anoiitrodon  piaoiih 

orua) 1 

Copperhead   (Anoiatrodon  oontortriw)  .      8 
Diamond    rattlesnake    (CrotaluM    ada- 

manteu9) 4 

Banded    rattlesnake    (Orotalu9    horri- 

du$) S 


GITTS. 


Mr.  and  Mrs.  Franklin  Adams,  Pan  American  Union,  two  Haitian  solenodon& 
MlBB  M.  Alexander,  Moorefleld,  W.  Va.,  a  brown  Capuchin  monkey. 
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Dr.  Paul  Bartsch,  Washington,  D.  C,  two  oommon  crowa. 

Frederick  Carl,  Jr.,  Washington,  D.  C,  two  screech  owls. 

Miss  Catharine  Carroll,  Washington,  D.  C,  a  bam  owL 

B.  S.  Case,  Takoma  Park,  D.  C,  three  bine  Jays. 

Miss  M.  B.  Cole,  Washington,  D.  C,  an  alligator. 

Mr&  Mary  F.  Crown,  Washington,  D.  C,  a  y^ow-headed  AmaiEon  parrot. 

Mrs.  R.  S.  Day,  Washington,  D.  C.»  a  common  canary. 

Boris  de  Street,  Washington,  D.  C,  an  alligator. 

J.  R.  Bddy,  Lamede^,  Mont,  an  American  badgw. 

Mr.  Bnstis,  Leedl>urg,  Va.,  a  red-tailed  hawk. 

Dr.  Cecil  French,  Washington,  D.  C,  four  Hungarian  quail. 

Guy  M.  Grlbble,  Buckhannon,  W.  Ya.,  a  red-tailed  hawk. 

Jesse  Hand,  Jr.,  Belleplaln,  N.  J.,  two  king  snakes. 

Mr.  C  A.  Holland,  Fenwlck,  Va.,  a  bittern. 

Clarence  Howard,  Washington,  D.  C,  a  copperhead  snake. 

B.  C.  Howe,  Washington,  D.  C,  two  alligators. 
W.  H.  Kelly,  Sandusky,  Ohio,  two  bald  eagles. 

Mr.  Lansdale,  Washington,  D.  C,  two  conmnm  opossums. 

Carrel  Leary,  Washington,  D.  C,  a  guinea  pig. 

Miss  Frances  McMuUen,  Largo,  Fla.,  an  alligator  snapping  turtle. 

C.  W.  Marks,  Berryville,  Ya.,  a  bla<^  snake. 

S.  S.  Paschals,  Chevy  Chase^  Md.,  two  sebra  flnchea 
L.  B.  Perry,  Gorgona,  Canal  Zoae,  a  spider  monkey. 

F.  W.  Pilling,  Washington,  D.  CL,  10  common  canaries,  n  red-crested  cardinal 
and  2  white  Java  sparrows. 
Mrs.  J.  K  Pleitner,  Washingtim,  D.  C,  a  greai  Amazon  parrot 
N.  Schutz,  Washington,  D.  C.  a  screech  owl. 
John  B.  Smith,  Baiovo,  Pa.,  a  banded  rattlesnaka 
Mrs.  H.  day  Stewart  Washington,  D.  C,  two  common  canaries. 
J.  P.  Taylor,  Washington,  D.  C,  a  coppwhead  snake  and  a  black  snaka 
Dr.  James  R.  Tubman,  Washington,  D.  C.,  a  great  homed  owL 
United  States  Bureau  of  Fisheries,  two  northern  fur  seals. 
James  Worcester,  Washington,  D.  C,  an  alligator. 
Unknown  donors,  a  hawk,  a  parrakeet  and  a  woodchuck. 

LOSSES  OF  ANIMALS. 

The  most  important  losses  during  the  year  were  a  pair  of  clouded  leopards, 
a  lion,  and  a  young  Alaskan  brown  bear  from  parasitism ;  a  leucoryx,  a  water 
buck,  and  a  nilgai,  from  tuberculosis;  a  female  American  bison  and  a  cariboo, 
in  the  collection  for  10  years,  from  peritonitis;  two  solenodons  from  sep- 
ticemia, and  two  young  fur  seals  from  enteritis  and  heat  stroke. 

Dead  animals,  to  the  number  of  142,  were  transferred  to  the  United  States 
National  Museum.  Autopsies  wore  made,  as  usual,  by  the  Pathological  DlTlsioii 
of  the  Bureau  of  Animal  Industry,  United  States  Departm^it  of  Agricultural 


>The  canses  of  death  were  as  follow! :  Pnemnonla,  10;  tuberciiloals,  8;  pulmonary 
edema,  1;  aapergllloBia*  7;  pMudomembranoae  tracheltla,  1;  enteritis,  9;  gastrltia,  l; 
gastroenteritis,  7 ;  pneomoenteritis,  1 ;  intestinal  cocddioals,  7 ;  peritonitis,  6 ;  nephrittel 
2 ;  fatty  degeneration  of  liver,  1 ;  parasitism,  8 ;  stomatitli,  2 ;  strangulated  bemia*  1 ; 
rupture  of  gissard,  1 ;  internal  hemorrhage,  1 ;  abscess  of  scrotum,  1 ;  abscess  of  head,  l ; 
unable  to  deliyer  young,  1 ;  duodenltli,  1 ;  colitis,  1 ;  eehlnococoosls,  1 ;  neciobaeillosis.  l  ; 
pyosdaneusbacillosis,  1 ;  porocephalosis,  1 ;  septicemia,  8 ;  enteiotoxiiBm,  1 ;  cystitis,  l ; 
endocarditis,  1 ;  visceral  gout,  1 ;  sarcomatous,  2 ;  cancer  of  pouch,  1 ;  leukemia,  l  * 
icterus,  1;  impaction,  8;  duodenal  obstruction,  1;  starvation,  2;  accidents  and 
Injuries,  18 ;  killed  because  unflt  for  exhibition,  4 ;  result  of  autopsy  iadetwBilnata,  8  * 
no  cause  found,  4 
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Btatmnent  of  the  eoUeotUm. 

▲0GB88I0NS  DUSme  THS  TCAB. 

Prewited— 6S 

Bec^ved  from  Y^lowstone  National  Park 1 

Becel?ed  in  exchange. ™ -.——.——« - .- 18 

Lent 11 

PinebaBed ISO 

Bom  and  hatched  in  National  Zoological  Park 116 

Total J 885 

SUMMABT. 

Animals  on  hand  Jnly  1,  IWO 1, 424 

Accessions  during  the  year 886 

Total 1,760 

Deduct  loss  (hy  exchange,  death,  and  returning  of  animals) 846 

On  hand  Jnne  80,  1911 1,414 


Class. 

Species. 

lodlTld- 
nals. 

Mnmith              ,.  , . 

167 
S3 

036 

Btath 

685 

i^flKllni.  .              .... 

83 

TOtel                                 a     . 

m 

1.4U 

YIBITOBS. 

Tlie  nnmber  of  vlsltoni  to  the  park  during  the  year  was  621,440,  a  daily 
arerage  of  1,428.  The  largest  number  in  any  one  month  was  96,686,  in  April, 
1911,  a  daily  average  for  the  month  of  3,184. 

During  the  year  there  visited  the  park  109  schools,  Sunday  schools,  classes, 
etc^  with  4,906  pupils,  a  monthly  average  of  414  pupila  This  number  is  an 
hicrease  over  the  previous  year  of  14  schools,  1,068  pupils,  and  an  increase  in 
tiie  monthly  average  of  90  pupils.  While  most  of  the  classes  were  from  the 
District  of  Oolumbia,  47  of  them  were  from  neighboring  States,  and  classes 
came  from  Meriden,  Hopedale,  Norton,  North  Attleboro,  Clinton,  Hudson,  and 
Whitman,  Massachusetts ;  Dover,  Peterboro,  Lancaster,  and  Bxeter,  New  Hamp- 
shire; Bath,  Augusta,  Biddeford,  Gardiner,  and  Sanford,  Maine;  Bellows  Falls, 
Termont;  Raleigh,  North  Carolina;  Middl^;)ort  (two)  and  Penn  Yan,  New 
York;  Waynesburg,  Pennsylvania;  and  Hartford,  Connecticut 

IMPBOVKUENTS. 

A  house  for  zebras,  a  frame  building  36  feet  square,  was  constructed,  pro- 
viding four  good-sized  stalls  with  yards  attached.  This  is  now  occupied  by  a 
male  Grant's  zebra,  the  male  Grevy*s  zebra,  which  was  returned  from  the 
experiment  station  of  the  Bureau  of  Animal  Industry  at  Bethesda,  Maryland, 
afta  nse  there  in  breeding,  and  a  hybrid  from  the  latter  animal  and  a  do- 
mestic ass. 

The  existing  yards  on  the  west  side  of  the  antelope  house  were  too  small, 
and  the  fences  around  th^n,  which  were  of  temporary  character,  had  seriously 
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deteriorated.  The  constrtictioii  of  new  steel  fences  was  begun,  indoeing  a 
considerably  larger  area  tban  tbe  former  yards,  and  was  nearly  completed  by 
the  close  of  the  year.  The  yards  on  the  north  and  east  sides  of  the  antelope 
hoose,  which  had  been  began  during  the  prevlons  year,  were  completed. 

The  temporary  bird  house,  which  had  been  in  Y&ry  bad  condition,  was  exten- 
sively repaired.  New  roof  covering  was  put  on,  and  the  wooden  floor,  some  of 
the  walls  and  cages,  and  much  other  interior  work  were  renewed. 

Some  alterations  were  made  in  the  large  cages  in  the  lion  house  to  permit 
more  conveni^it  handling  of  the  animals  during  feeding  and  the  cleaning  of 
the  cages.     The  woodwork  of  this  portion  of  the  building  was  also  reflufflhed. 

The  public  comfort  room  for  women,  which  was  in  a  very  dilapidated  condi- 
tion, was  removed  to  make  way  for  the  yards  of  the  antelope  house,  and  a  new 
comfort  room  was  constructed  beneath  the  outdoor  cages  of  the  small  mammal 
house.  A  small  frame  building  for  the  same  purpose  was  erected  near  the 
Adams  Mill  Road  entrance,  that  portion  of  the  park  being  a  much  frequ^ited 
resort  for  women  with  young  children* 

A  new  public  comfort  room  for  men  was  also  constructed  In  the  baa^nent  of 
the  antelope  house,  providing  permanent  conveniences,  which  are  mnch  better 
and  more  adequate  than  have  existed  heretofore. 

The  drainage  culvert  in  the  beaver  valley  was  extended  to  the  flying  cage, 
a  distance  of  800  feet,  thus  providing  sewerage,  as  weU  as  for  the  carrying 
away  of  surface  water  without  the  erosion  which  had  occurred  previously. 

Foundations  were  laid  for  cages  on  the  east  side  of  the  small  mammal  house, 
.  and  a  concrete  walk  was  constructed  there. 

Various  small  Improvements  and  repairs  were  made.  A  cage  was  buUt  In 
the  lion  house  with  a  pool  for  the  young  hippopotamus,  which  was  received  in 
May ;  a  paddock  with  shelter  was  built  for  the  chamois ;  an  Indosure  and  pool 
for  fur  seals;  the  condor  cage  and  cage  for  homed  owls  were  extaisively  re- 
paired ;  an  inclosure  with  shelter  was  built  for  kangaroos ;  an  additional  watdi 
house  was  built;  new  wagon  scales  were  set  near  the  shop  and  coal  Tault; 
and  the  heating  conduit  and  mains  from  the  central  heating  plant  were  ex- 
tttided  to  the  elephant  house  and  zebra  house. 

The  cost  of  this  work  was: 

House  for  zebras $2,600 

New  yards  on  west  side  of  antelope  house 1, 775 

Completing  yards  on  north  and  east  sides  of  antelope  house 260 

Repairs  to  temporary  bird  house 1,000 

Alterations  and  repairs  to  llmi  house 600 

Cage  for  hippopotamus 276 

Paddock  for  chamois 800 

Inclosure  and  pool  for  fur  seals 275 

Repairing  condor  and  owl  cages 860 

Inclosure  for  kangaroos 75 

Extending  drainage  culvert 1,600 

New  concrete  walk  and  cage  foundations  at  small  mammal  house,  with 

retaining  walls,  etc 1,  O6O 

Additional  watch  house 125 

Bxtending  heating  conduit  and  mains ^ 400 

New  wagon  scales  at  shop _ 250 

Accessory  comfort  room  for  women 85q 

Women's  comfort  room 75O 

Men's  comfort  room 75q 
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BOADWATB  AHD  WALKS. 

From  the  appropriation  for  reconatrocting  and  repairing  roadways  and  walks 
4,770  linear  feet,  or  nine-tenths  of  a  mile  of  road,  was  treated,  from  10  to  46 
feet  wide,  averaging  slightly  more  than  20  feet,  a  total  of  10,700  square  yards. 
Tbe  work  varied  from  mertiy  reshai^ng  and  supplying  a  top  layer  of  stone  to 
fomiahing  the  oitire  thickness  of  roadbed  material,  with  considerable  excavat- 
ing and  filling  in  some  places  where  the  existing  grades  were  too  steep.  One 
thoiuand  six  hundred  square  yards  (the  ''concourse'*)  were  finished  with 
tarda.  The  work  cost  frOm  22  cents  to  $1  per  square  yard,  and  the  total 
amount  expended  for  roads  was  $7,220. 

During  the  year  9,200  linear  f^et,  or  1|  miles,  of  walks  were  laid  or  r^;)alred. 
They  were  from  6  to  16  feet  wide,  or  an  average  width  of  about  0  ftet,  com- 
pristaig  in  all  94230  square  yards.  Of  this  about  6,600  square  yards  was  old 
macadam  walk,  the  remainder  gravti  or  dirt  walks.  A  considerable  amount  of 
excavation  and  filling  had  to  be  done  in  certain  places  in  order  to  secure 
reasonably  uniform  grades,  and  steps  were  constructed  at  points  where  the 
grade  had  before  been  too  steep.  The  walks  are  of  stone  macadam,  the  surface 
treated  with  tarvia  by  the  penetration  method.  The  cost  of  laying  them  was 
from  36  cents  to  86  cents  per  square  yard.  A  considerable  amount  of  work 
liad  to  be  done  also  in  providing  proper  drainage.  Tbe  total  expwditure  for 
walks  was  $7,780. 

BeapectfuUy  submitted. 

Frank  Bakkb,  Buperintendeni, 

Dr.  Ghaslis  D.  Waloott, 

Secretary  of  the  BmUJisonkm  Institution,  * 
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j£pPENDIX   V. 

REPORT  ON  THE  A8TROPHX8ICSAL  OBSERVATORY. 

Sib:  I  have  the  honor  to  present  the  following  report  on  the  operations  of 
the  Smithsonian  Astrophysical  Ohsenratorj  for  the  year  ending  June  90,  1911: 

EQUIPMENT. 

The  equipment  of  the  observatory  is  as  follows : 

(a)  At  Washington  there  is  an  Inclosure  of  about  16,000  square  feet,  con- 
taining five  small  frame  buildings  used  for  observing  and  computing  purposes, 
three  movable  frame  shelters  covering  several  out-of-door  pieces  of  apparatus, 
and  also  one  small  brick  building  containing  a  storage  battery  and  electrical 
distribution  apparatus. 

(&)  At  Mount  Wilson,  California,  upon  a  leased  plat  of  ground  100  feet 
square  Iq  horizontal  projection,  are  located  a  one-story  cement^  observing 
structure,  designed  especially  for  solar-constant  measurements,  and  also  a 
little  frame  cottage,  21  feet  by  26  feet,  for  observer's  quarters. 

There  were  no  important  additions  to  the  instrument  equipment  of  the 
observatory  during  the  year. 

In  1009  the  Smithsonian  Institution,  at  the  expense  of  the  Hodgkins  fund, 
erected  on  the  summit  of  Mount  Whitney,  California  (height  14,502  feet),  a 
stone  and  steel  house  to  shelter  observers  who  might  apply  to  the  Institution 
for  the  use  of  the  house  to  promote  investigations  in  any  branch  of  science. 
While  this  structure  is  not  the  actual  property  of  the  Astrophysical  Observatory, 
it  affords  an  excellent  opportunity  for  observations  in  connection  with  those 
taken  on  Mount  Wilson. 

WORK  or  THE  TEAS. 

In  order  to  thoroughly  confirm  the  results  obtained  on  the  summit  of  Mount 
Whitney  (4,420  meters  or  14,002  feet)  in  1909,  discussed  in  my  last  annual 
report,  an  expedition  again  occupied  that  place  in  August,  1910.  The  person- 
nel consisted  of  the  director  and  Mr.  G.  F.  Marsh,  of  Lone  Pine,  OiUfbmla. 
Nearly  all  of  the  equipment  for  t^)ectrobolometric  work  had  been  left  on  Mount 
Whitney  through  the  winter  and  was  found  in  good  condition.  Additional 
apparatus  for  measuring  the  brightness  of  the  sky  by  day  and  by  night  was 
carried  up  by  pa<^  train  under  the  care  of  Mr.  Elder,  of  Lone  Pine.  The  good 
fortune  which  had  attoided  the  1909  expedition  fiiiled  for  a  momoit  in  1910, 
and  one  mule,  carrying  the  silver-dii^  pyrheliometer  and  other  loading,  rolled 
off  among  the  rocks  and  was  killed.  The  pyrheliometer  fortunately  received 
no  injury. 

Solar-constant  measurem^ts  were  made  successfully  on  Mount  Whitney  in 
1910  on  three  successive  days.  Mr.  Fowle  made  solar-constant  observations 
62 
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Bimnltaneoasly  on  Mount  WUson.    I  give  below  the  results  obtained  at  Mount 
Wilson  and  Mount  Whitney  in  1909  and  1910: 
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Oohf  ooosttuit: 
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Mount  Wbltney. 


t943 
L969 


LMS 
L979 


l.t34 


Taking  the  mean  of  the  differences  between  the  results  obtained  simnltane- 
oosly  at  the  two  stations,  it  appears  that  the  results  obtained  on  Mount  Wliitney 
aTenge  1.4  per  cent  high^  than  those  obtained  on  Mount  Wilson.  But  con- 
sidering that  the  optical  apparatus  used  on  Mount  Wilson  comprised  a  sUvered 
glass  mirror  coelostat,  an  ultra-violet  crown  glass  prism,  and  two  silvered 
glass  mirrors,  while  that  on  Mount  Whitney  comprised  only  a  quarts  prism 
and  two  magnalium  mirrors,  and,  furthermore,  that  the  pyrheliometers  em- 
ployed at  the  two  stations  were  read  at  Tory  different  tempefatures,  it  is  prob- 
able that  the  slight  difference  found  between  the  results  may  be  due  wholly 
to  experimental  differences  and  implies  no  discrepancy  due  to  the  difference 
of  altitude  between  the  two  stations. 

This  conclusion  se^ns  worth  emphasizing.  We  have  now  made  simultane- 
ously solar-constant  determinations  at  sea  levd  (Washington),  at  over  a  mile 
altitude  (Mount  Wilson),  and  again  at  Mount  Wilson,  and  at  yearly  8  miles 
altitude  (Mount  Whitney).  Although  both  the  quantity  and  the  quality  of 
the  solar  radiation  found  at  these  stations  differ  very  much,  neither  the  **  solar 
constant "  nor  the  distribution  of  the  solar  energy  in  the  spectrum  outside  the 
atmosphere,  as  fixed  by  the  wholly  independent  measurements  at  these  three 
stations,  differs  more  than  would  be  expected  hot  view  of  the  unavoidable  small 
errors  of  observation.  We  seem  Justified  in  concluding  that  we  do,  In  fact, 
eliminate  the  effects  of  atmospheric  losses  and  actually  determine  the  true 
quantity  and  quality  of  the  sun's  radiation  outside  the  atmosphere  as  we  might 
do  if  we  could  observe  in  free  space  with  no  atmosphere  at  all  to  hinder. 

Expeditions  to  Mount  Wilson  have  now  been  made  in  1005,  1906,  1908,  1909, 
and  1910.  The  last,  lilie  the  others,  continued  from  May  until  November.  In 
the  earii^  years  the  observations  were  not  made  daily,  but  in  1908,  1909,  and 
1910  daily  determinations  of  the  solar  constant  were  made  when  possible.  As 
stated  in  earlier  reports,  the  results  Indicate  a  variability  of  the  sun.  In  order 
to  show  the  strength  of  the  argument  for  this  conclusion,  I  give  in  the  accom- 
panying figure  a  diagram  showing  all  the  **  solar  constant  **  values  obtained  in 
the  first  four  years  of  observation  (fig.  1). 

Ihe  "sohir  constant**  results  lie  between  1.80  and  2.00  calories  per  square 
centimeter  per  minute.  I  call  particular  attention  to  the  two  later  years.  It 
will  be  noted  that  successive  days*  results  march  step  by  step  regularly  from 
low  to  high  values  and  the  reverse,  and  that  this  order  of  march  is  not  the 
exception,  but  almost  without  exception  the  rule.  This  seems  to  render  it 
bi^y  improbable  that  the  fiuctuations  are  due  to  accidental  error,  for  such  a 
regularity  of  fluctuation  is  incompatible  with  that  supposition.  As  it  has  now 
been  shown  that  the  altitude  of  the  observing  station  is  inunaterial,  at  least 
for  altitudes  below  8  miles,  it  seems  also  reasonable  to  conclude  that  the 
flnctnation  is  not  due  to  faulty  estimates  of  the  losses  of  radiation  in  the  air. 
Hence  the  most  probable  conclusion  is  that  tho  sun  actually  varies  from  day  to 
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day  in  its  oatpot  of  rmdiation  witliin  Umto  of  from  6  to  10  per  ceot  in  quantity 
and  in  irregular  periods  of  from  6  to  10  daya.  TMa  concdosion  I  state  tenta- 
tively. Before  it  can  l>e  accepted  witlioat  question  it  most  be  confirmed  by 
showing  that  the  results  obtained  day  after  day  at  another  equally  good  station, 
at  a  great  distance,  confirm  those  obtained  simultaneously  at  Mount  Wilson. 
Such  a  final  test,  it  is  now  expected,  will  be  made  during  the  coming  fiscal  year. 

Summary  of  iolar-oonaiant  values. 


Wash- 
ingtoQ. 

Mount  WOson. 

Mount  Whitney. 

1900-1907 

1906 

1906 

19QS 

1909 

1910 

1909 

IflO 

Times  obnrved 

IfMavahie 

44 
L960 

59 
L93S 

68 

Lni 

113 
La89 

96 
L896 

1.914 

1 
L989 

S 
l.ilM 

*  other  days  of  obtflTTstiao  not  yet  nady. 

Oeoeral  mean,  1.92S  calories  (16*  O.)  per  aqovBoeDttmotar  per  mhntta. 

Number  of  determlnatlmis,  406.  • 

OtJier  observations  made  on  Mount  TfM^ney.— Although  the  main  purpose 
of  the  Mount  Whitney  expedition  of  1910  was  served  by  proving  that  the 
determinations  of  the  solar  constant  of  radiation  are  independent  of  the  altitude 
of  the  observing  station,  advantage  was  taken  of  the  unusual  opportunity  to 
make  several  other  kinds  of  observations.  Kapteyn's  sky  photometer  was 
employed  there  on  two  successive  nights  to  measure  the  relative  brightness  of 
the  different  regions  of  the  night  sky  and  to  estimate  the  total  quantity  of  sky 
illumination  per  square  degree  compared  with  that  of  a  first-magnitude  star. 
Yntema  had  employed  similar  apparatus  in  Holland.  He  found  the  average 
brightness  qf  the  Milky  Way  about  two  or  three  times  that  of  nongalactlc 
regions  of  the  sky,  such  as  the  north  polar  region,  but  that  the  sky  near  the 
horizon  was  of  about  the  same  brightness  as  the  Milky  Way.  He  concluded 
that  the  sky  at  night  is  illuminated  more  by  some  terrestrial  sources  of  light 
than  by  the  stars. 

The  results  obtained  on  Mount  Whitney  at  nearly  3  miles  elevation  agreed 
in  general  with  those  of  Yntema.  The  following  is  a  summary  of  the  prin- 
cipal points.    Mean  values  are  giv^i : 

Brightness  of  night  shy, 
(Polar  brlghtiiess-l.   Mount  Whltner,  1909-1910.] 


Oalaotle  latitude. 

Nearhofl. 

0*tOi:5* 

±Wto±»* 

i:45»tO±flO» 

±60»to±76* 

ton. 

Ralatlve  brightness 

2.10 

1.25 

1.19 

L17 

1.4S 

The  total  iUumlnation  from  1  square  degree  of  polar  sky  was  found  to  be 
0.0746  that  of  one  first-magnitude  star  in  the  aenith.  It  is  possibie  that  the 
fraction  just  given  may  be  a  little  too  small,  owing  to  a  sonioe  of  error  disooY- 
ered  after  the  observations  were  ended. 
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Oompotations  from  the  Mount  Whitney  results  confirm  Yntema's  conclusion 
that  ttie  great  increase  of  brightness  toward  the  lioriaon  can  not  be  doe  to  any 
arraDgement  of  starlight,  but  most  be  caused  by  some  terrestrial  source  of 
Ugbt,  periiaps  a  continuous  faint  aurora. 

Bolometric  measurements  were  made  on  Mount  Whitney  to  determine  the 
relatiYe  radiation  of  the  sky  by  day  in  all  directions,  as  compared  with  the 


S 


^ 


ion.   These  measurements  were  numerous  and  seem  to  have  been  successful, 
but  are  not  yet  reduced. 

The  9wi*8  energy  spectrum, — ^A  summary  has  beem  prepared  showing  the  mean 
result  of  determinations  of  the  distribution  of  the  sun's  energy  in  the  spectrum, 
M  it  would  be  found  outside  the  atmosphere.  The  measurements  on  which  it 
it  based  include  Washington,  Mount  Wilson,  and  Mo^n(  W^ltne^  work  of  19Q3 

3873^^— SM  1911 5 
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to  1910,  and  have  been  made  with  many  different  optical  qrstems.  Thore  is 
great  difficulty  in  getting  an  accurate  estimate  of  the  relative  losses  suffered 
by  rays  of  different  wave  lengths  in  trayersing  the  spectroscope.  E^)ecially  is 
this  the  case  for  the  Tiolet  and  ultra-Tiolet  rays,  where  these  losses  are  greatest 
The  summary  has  shown  that  further  determinations  are  needed  to  fix  the  dis- 
tribution in  the  extreme  ultra  Tiolet,  and  obscurations  for  this  purpose  were 
made  in  June,  1911,  on  Mount  Wilson,  but  are  not  yet  reduced.  I  give  b^ow 
the  summary,  excluding  the  work  of  1911. 


Intensities  in  normal  solar  spectrum,  outside  the  atmosphere, 
rObserred  %i  Wadilngtan,  Mocmt  Wilson,  ICoant  Whitney,  1908-19104 
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The  sun's  temperature.— -It  we  employ  the  so-called  "Wlen  displacement 
formula,"  which  connects  the  absolute  temperature  of  a  perfect  radiation  with 
the  wave  length  of  its  maximum  radiation,  we  may  proceed  as  follows,  to  esti- 
mate the  solar  temperature,  on  the  assumption  that  the  sun  is  a  perfM 
radiator : 

AaM«Tss2930. 
If  A^=0.470  M  then  1=6230**  abs.  C. 

Another  radiation  formula  is  that  of  Stefkn,  which  connects  the  total  quan- 
tity of  radiation  of  a  perfect  radiator  per  square  centimeter  per  minute  with 
the  absolute  temperature.  Employing  this  formula,  still  assuming  the  sun  to 
be  a  perfect  radiator,  its  mean  distance  149,560,000  Icilometers,  its  mean  diame- 
ter 696,000  kilometers,  and  the  mean  yalue  of  the  solar  constant  of  radiation 
1.922  calories  per  square  centimeter  per  minute,  we  proceed  as  follows: 

7«.8X10-'»x(hS^S!L)'  T'=1«22    T=5830»  abe.  C. 

A  third  means  of  estimating  the  sun's  probable  temperature  comes  from  com- 
parisons of  the  distribution  of  the  energy  in  its  spectrum  with  that  in  the 
spectrum  of  the  perfect  radiator,  as  computed  according  to  the  Wien-Planck 
formula  of  spectrum  oiergy  distribution.  The  sun*s  energy  curve  and  that 
of  the  perfect  radiator  at  two  temperatures  are  given  in  the  accompanyhig 
illustration  (fig.  2).  It  appears  at  once  from  this  comparison  that  the  sun's 
radiation  differs  greatly  from  that  of  the  perfect  radiator  at  any  temperature. 
The  solar  radiation  is  greater  in  the  infra-red  spectrum,  and  much  less  in  the 
ultra-violet  spectrum,  than  that  of  perfect  radiators  giving  approximately  the 
same  relative  spectral  distribution  as  the  sun  for  visible  rays.  Tatdng  every- 
thing in  consideration,  the  solar  energy  spectrum  seems  most  comparable  with 
that  of  a  perfect  radiator  between  6,000**  and  7,000"*  in  absolute  temperature. 

The  causes  of  the  discrepancies  we  have  noted  may  be  several.  First,  there 
is  the  influence  of  the  selective  absorption  of  rays  in  the  Fraunhof^  Unes^ 
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TlieBe  lines  are  mncb  crowded  toward  and  within  the  ultra-yiolet  spectrum,  so 
that  p^haps  this  indicates  a  iHrincipal  reason  for  the  weakness  of  the  son's 
spectram  in  that  region.  Second,  it  se^ns  probable  tliat  we  are  dealing  with 
a  mixture  of  rays  from  sources  at  difteroit  temperatures.     The  cause  and 


effect  of  this  difference  may  each  be  twofold :  For,  firstly,  at  the  center  of  the 
mfs  Ylsible  disk  we  look  probably  to  deeper-lying  and  hence  hotter  layers 
tban  at  the  sun's  edge,  where  the  line  of  sight  is  oblique;  and,  secondly, 
Bince  the  transmission  of  the  sun's  atmosphere  is  probably  like  the  earth's, 
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much  less  for  Tiolet  and  altra-violet  rays  than  for  red  and  infra-red  ones,  we 
probably  get  infra-red  rays  from  deeper-lying  and  hmce  hotter  layers  in  the 
sun  than  we  do  ultra-violet  ones. 

We  conclude  that  the  solar  radiation  comes  from  sources  ranging  in  tem- 
perature perhaps  between  the  limits  S.OOO'*  and  7,000*'  absolute  centigrade,  but 
mostly  frorf  sources  between  6,000*  and  7,000**. 

Washington    ohscrv!.  -Furtlier    eNii*jrlments   have   been   made, 
under  Mr.  Fowle's  direction,  on  the  transmission  of  radiation  of  great 
wave  leni^lis  through  long  columns  of  air  containing  known  qualities 
of  water  vapor.    Many  of  these  observations  are  not  yet  reduced, 
so  that  it  is  not  yet  proper  to  give  a  numerical  summary  of 
results.    The  length  of  the  column  experimented  upon  has  been 
increased  to  800  feet    The  measurements  cover  the  infra-red 
spectrum,  from  the  A  line  to  a  wave  length  of  about  17ac. 
The  observations  of  the  water  contents  of  the  air  colnmn 
are  made  by  means  of  pairs  of  wet  and  dry  thermome- 
ters located  at  a  number  of  points  along  the  path. 
The  air  Is  thoroughly  stirred  before  readings.    Check 
ejkperiments  by  Mr.  Aldrich,  iu  which  he  drew  the 
air    through    phosphorus  pentoxide   tul)es    and 
weighed  the  water  absorbed,  have  confirmed 
the  accuracy  of  the  water- vapor  determina- 
tions.   Mr.  Fowle  has  made  a  preliminary 
comparison  of  the  upper  infra-red  spec- 
trum bands  />,  <r,  t,  *,  4^,  and  O,   as 
observed  through  the  tube  with 
the    same    bands    as    observed 
through   the   whole   atmosphere 
at    Washington,   Mount    Wilson, 
and    Mount   Whitney.      The    re- 
sults are  most  interesting,  though 
not  yet  ripe  for  publication,  and 
will  probably  lead  to  more  exact 
liuowledge  of  the  total  quantity 
of   water   vapor   in  the   atmos- 
phere,   and    its    variation    with 
the  altitude  of  the  observer  and 
the  season  of  the  year. 

Reduction  of  observations. — 
Upward  of  100  days  of  solar- 
constant  measurements  have 
been  made  on  Mount 
Wilson  on  each  of  the 
last  several  years.  Kaoh 
_  day  requires  the  equiva- 
lent of  three  full  days  of 
computation.  This  work 
is  being  done  at  Washington  by  Messrs.  Fowle  and  Aldrich  and  Miss  Graves 
and  certain  graphical  parts  of  it  by  minor  clerk  Segal.  The  solar-constant 
reductions  are  computed  as  far  as  the  middle  of  the  observing  season  of  1910. 
Pyrheliometry. — Additional  comparisons  of  the  Mount  Wilson  secondary  pyr- 
heliometers  have  been  made  with  prhmary  standard  pyrhellometer  No.  3.  These 
are  not  yet  all  reduced,  but  such  as  have  been  finished  confirm  the  results  of 
the  previous  fiscal  year,  so  that  we  may  regard  the  scale  of  absolute  pyrheli- 


FiG.  3. — Abbot  silver  disk  pyrhellometer. 
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ometry  as  now  satiSEfactorlly  established,  and  with  it  the  mean  yalne  of  the 
solar  constant  of  radiaticHi  for  the  epoch  1905-1910  as  fixed  at  1.922  calories 
per  square  centimeter  per  minnta 

Additional  copies  of  the  secondary  silver-disk  pyrheliometer  shown  in  the 
accompanying  illnstration  (fig.  3)  have  been  standardised  and  sent  abroad  by 
the  Institution  as  loans  or  purchases.  There  have  now  been  sent  copies  to 
Russia,  Germany,  France,  Italy,  England,  Peru,  Arg^itina,  and  several  within 
the  United  States,  making  in  all  10  copies  now  in  other  hands  than  ours,  be- 
sides several  now  being  made  to  order.  The  Institution  has  undertaken  the 
business  relating  to  furnishing  these  pyrheliometers,  which  are  standardised 
at  the  Astrophysical  Observatory,  to  promote  exact  knowledge  of  the  sun  and 
its  possible  variability.  ^ 

SUMMABY. 

The  year  has  been  distinguished  by  a  successful  expedition  to  Mount  Whitney. 
The  results  obtained  there  confirm  the  view  that  determinations  of  the  intensity 
<^  the  solar  radiation  outside  the  earth's  atmosphere  by  the  spectrobolometric 
method  of  high  and  low  sun  observation  are  not  dependent  on  the  observer's 
tltitiide  above  sea  level,  provided  the  conditions  are  otherwise  good.  The 
Mount  Whitney  expedition  furnished  opportunities  also  for  measurements  of 
the  brightness  of  the  sky  by  day  and  by  night,  the  influence  of  water  vapor  on 
the  sun's  spectrum,  and  the  distribution  of  the  sun's  energy  spectrum  outside 
the  atmosphere. 

Solar-constant  observations  and  closely  related  researches  were  continued 
daily  at  Mount  Wilson  until  November,  1910,  and  were  takai  up  again  in 
June.  1911. 

Further  research  tends  to  confirm  the  conclusion  that  the  sun's  output  of 
radiation  varies  from  day  to  day  in  a  manner  irregular  in  period  and  quantity, 
but  roughly  running  its  courses  within  periods  of  5  to  10  days  In  time  and  3  to 
10  per  cent  in  amplitude.  Assurance  seems  now  complete  that  this  result  will 
be  tested  in  the  next  fiscal  year  by  long-continued  daily  observations  made 
simultaneously  at  two  widely  separated  stations. 

Many  copies  of  the  silver-disk  secondary  pyrheliometer  have  been  standard- 
ized and  sent  out  to  observers  in  this  and  foreign  countries  to  promote  exactly 
comparable  observations  of  the  sun's  radiation.  ^ 

Measurements  of  the  transparency,  for  long-wave  radiation,  of  columns  of  air 
containing  known  quantities  of  water  vapor  have  been  continued,  and  promise 
highly  interesting  results. 

Respectfully  submitted. 

C.  G.  Abbot,  Director. 

Dr.  Chables  D.  Walcott, 

Secretary  of  the  Smithsonian  Institution, 
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Appendix  VI. 

KBPORT  ON  THE  LIBRARY. 

Sib:  I  have  the  honor  to  present  the  following  report  on  the  operations  of 
the  Library  of  the  Smithsonian  Institution  for  the  fiscal  year  radlng  June  90, 
1911,  which  was  prepared  by  Mr.  Paul  Brockett,  assistant  librarian,  who  had 
charge  nntll  June  1,  1911. 

The  following  Improved  methods  and  consolidation  of  work  have  been 
adopted  during  the  past  five  years  by  the  Library,  in  the  Interest  of  economy 
and  efficiency : 

The  catalogue  has  been  modified  so  as  to  include  the  author  and  donor 
cards  and  all  previous  records,  thus  making  It  necessary  to  consult  only  one 
file  of  cards  for  any  Information  relating  to  the  contents  of  the  Library.  The 
accession  record  Is  typewritten  on  sheets  In  accordance  with  fhe  loose-leaf 
binding  system,  thus  saving  the  time  of  copying  titles  by  hand.  The  annuals 
have  been  transferred  from  the  periodical  record  to  the  author  catalogue,  thus 
avoiding  the  making  of  two  entries. 

A  new  system  of  filing  letters  in  numbered  folders,  with  a  card  index,  has 
been  Introduced,  making  easily  accessible  the  correspondence  which,  In  con- 
junction with  the  author  and  donor  catalogue,  forms  a  permanent  record  of 
the  exchanges  for  the  Smithsonian  publications.  The  old  files  are  gradually 
being  rearranged  and  Incorporated  with  the  new  system. 

The  l^idlng  of  books  In  the  reference  room  and  periodical  reading  room  has 
been  placed  in  charge  of  one  person,  in  connection  with  other  duties. 

The  titles  of  purchased  bootcs  are  now  entered  on  cards  which  are  filed 
alphabetically.  These  card  entries  take  the  place  of  entries  on  sheets  In  book 
form,  with  card  Index. 

With  a  thoroughly  modem  equipment  In  the  way  of  furniture  and  fixtures 
greater  Improvements  could  be  made  than  Is  possible  at  present. 

BwteMion  of  apace  occupied  by  library. — ^Tentative  plans  have  been  prepared 
and  submitted  for  fireproof  bookstaeks  and  bookcases  for  the  large  hall  on  the 
main  fioor  of  the  Smithsonian  Building  to  contain  the  libraries  of  the  Govern- 
ment bureaus  under  the  Smithsonian  Institution.  More  <lefinlte  plans  are  now 
in  preparation. 

International  Congress  of  Archivists  and  Librarians  and  the  International 
Congress  of  Bibliography  and  Documentation,— The  Institution  was  repres^ited 
by  the  assistant  librarian,  Mr.  Paul  Brockett,  who  presented  a  paper  giving  the 
views  of  the  Smithsonian  Institution  In  the  matter  of  International  exchange. 
At  the  same  time  he  made  observations  on  the  methods  and  arrangement  of 
European  llbrarle&  A  separate  report  on  this  matter  has  been  submitted  by 
him. 

AOOBSSIOItS. 

For  the  Smithsonian  deposit,  Library  of  Ckmgress,  the  accessions  recorded 
numbered  8,136  volumes,  1,277  parts  of  volumes,  3,137  pamphlets,  and  489  charts, 
making  a  total  of  8,039  publications.    The  accession  numbers  run  from  500,001 
to  604,149. 
70 
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The  parts  of  serial  pablications  eatered  on  the  card  catalogue  numbered 
24,4%  and  1*100  sups  for  completed  volmnes  ware  made,  and  100  cards  for  new 
periodicals  and  annnals. 

HheBe  publications  were  forwarded  to  the  library  of  Congress  immediate 
opcm  their  receipt  and  entry.  In  their  transmission  280  boxes  were  required, 
containing  approximately  the  equiralent  of  94i00  yolnmes.  The  actual  number 
of  pieces  sent,  including  parts  of  periodicals,  pamphlets,  and  volumes,  was 
26,280.  This  statonent  does  not,  however,  include  about  Z^200  parts  of  serial 
pohlications  secured  in  exchange  to  complete  sets  and  transmitted  separat^y. 

iDangural  dissertations  and  academic  publications  were  received  from 
mlTersities  at  the  following  places : 


Basel 

Halle-an-der-Saale. 

Paris. 

Bonn. 

Heidelberg. 

Prague. 

Berlin. 

Ki^. 

Rostock. 

Breslau. 

Leipzig. 

St  Petersburg. 

Cnsca 

Liege. 

Ttibingen. 

Dorpat 

London. 

Utrecht 

frabnrg  L  B. 

Lund. 

Wtirzburg. 

Qlenen. 

Marburg. 

Zurich. 

Qnx. 

New  Haven. 

Oidfbwald. 

Oviedo. 

Similar  publications  have  been  received  from  the  technical  high  schools  at 
Berlin,  Braunschweig,  Karlsruhe,  and  Munich. 

The  office  library  received  440  volumes  and  pamphlets,  and  77  parts  of 
Tolmnes  and  charts,  making  a  total  of  517  publications.  Thirteen  volumes  were 
purchased  for  the  employees*  library  and  one  received  by  donation. 

As  already  mentioned,  an  author  catalc^ue,  ccHnbining  author  and  donor 
eatries  on  cards  of  standard  size  was  established  this  year  and  has  taken  the 
place  of  the  previous  *'  donor "  record.  Catalogue  cards  made  for  the  author- 
donor  catalogue  numbered  3,109.  In  addition,  a  new  finding  list  of  320  entries 
was  made  for  the  periodicals  in  the  reading  room,  making  a  total  of  3,519  cards. 
The  recataloguing  of  scientific  serials  and  annuals  was  commenced.  The 
volumes  recatalogued  numbered  1,008. 

The  policy  of  sending  foreign  public  documents  presented  to  the  Institution 
to  the  Library  of  Congress  without  stamping  or  Altering  has  been  continued, 
and  the  number  of  publications  given  above  does  not  include  these,  nor  does 
it  include  other  publications  for  the  Library  of  Congress  received  through  the 
Int»national  Exchange  Service. 

The  work  of  checking  up  and  completing  the  Smithsonian  deposit  sets  of 
pablications  of  sdentiflc  societies  and  learned  institutions  of  the  world  has 
been  continued,  and  those  of  France  have  received  special  consideration. 

DX7PLI0ATKS. 

For  a  number  of  years  about  10,000  duplicate  Government  documents  returned 
bj  the  Library  of  Congress,  principally  relating  to  statistics,  were  stored  in  the 
loath  tower  of  the  Smithsonian  Building.  With  the  assistance  of  the  Inter- 
national Exchanges  during  the  previous  year  these  publications  were  arranged 
and  listed  and  later  the  larger  part  was  turned  over  to  the  New  York  Public 
Library  to  complete  its  sets.  Public  documents  of  the  United  States  were  re- 
tained to  the  Superintendent  of  Documents. 
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KZOHAHins. 

The  establishing  of  new  exchanges  and  the  secniing  of  missing  parts  to 
complete  sets  of  publications  In  the  Smithsonian  Library  required  the  writing 
of  2,600  letters,  resulting  In  the  addition  of  about  100  periodicals  and  in  the 
receipt  of  about  3,200  missing  parts. 

The  mall  receipts  numbered  82,647  packages,  and  8,500  packages  were  re- 
ceived through  the  International  Exchange  Service.  The  publications  con- 
tained therein  were  stamped  and  distributed  for  entry  from  the  mall  desk. 

About  4,453  acknowledgments  were  made  on  the  regular  forms  in  addition 
to  the  letters  which  were  written  in  acknowledgment  of  publications  received 
in  response  to  the  requests  of  the  Institution  for  exchange. 

New  exchanges  of  the  annual  reports  of  the  American  Historical  Association 
from  the  allotment  agreed  upon  for  that  purpose  resulted  in  the  acquisition 
of  a  number  of  publications  of  historical  societies  throughout  the  world,  whicdi 
were  added  to  the  Smitlisonian  d^x>6lt  in  the  Library  of  Congress. 

BEADING    BOOM. 

The  periodical  bins  in  the  reading  room  were  rearranged  and,  as  already 
mentioned,  a  new  finding  list  was  made  out  on  cards  which  were  arranged 
alphabetically.  Publications  no  longer  consulted  were  transferred  to  the  per- 
manent sets,  either  In  the  Smithsonian  deposit  or  in  some  one  of  the  libraries 
of  the  Government  branches  of  the  Institution  to  which  they  belong.  This 
gives  the  Institution  and  its  branches  a  thoroughly  useful  periodical  reading 
room. 

As  many  of  the  publications  kept  in  this  room  are  not  to  be  found  in  ottier 
American  libraries,  they  are  consulted  not  only  by  Washington  investigators,  but 
by  some  from  other  centers.  During  the  year  the  scientific  staff  of  the  Instltn- 
tion  and  Its  branches  made  use  of  131  bound  volumes  of  periodicals,  and 
2,049  parts  of  scientific  periodicals  and  popular  magazines.  In  addition,  the 
various  bureaus  of  the  Government  continue  to  avail  themselves  of  the  oppor- 
tunity to  use  these  publications,  as  well  as  those  In  the  sectional  libraries  of 
the  branches  of  the  Institution,  and  the  library  is  frequently  visited  by  in- 
vestigators from  all  parts  of  the  world, 

ABT  BOOM. 

No  additions  were  made  to  the  art  objects  or  «igravings  in  this  room  during 
the  past  year.  With  the  additional  space  available  for  the  use  of  the  Division 
of  Graphic  Arts  in  the  National  Museum,  It  is  expected  that  some  of  the 
engravings  will  be  exhibited  there. 

THE  employees'  LIBBABY. 

The  books  added  to  this  library  by  purchase  numbered  13,  and  one  publica- 
tion was  presented.  By  binding,  415  volumes  of  periodicals  were  made  available 
for  circulation.  The  total  number  of  books  borrowed  was  1,876.  A  number 
of  books  selected  especially  for  the  purpose  were  sent  to  the  National  Zoological 
Park,  as  in  previous  years. 

LIBBABIES  OF  THE  SMITHSOmAlf  BBAlfCHES. 

United  States  National  Museum.— The  congestion  in  the  museum  library 
reported  last  year  has  been  relieved  to  a  certain  extent  by  the  temporary 
employment  of  four  cataloguers  and  the  assignment  of  space  on  two  of  the 
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galleries  in  the  old  MnBeiiiii  building  for  sorting  and  arranging  all  the  duplicate 
material.  The  duplicates  were  arranged,  placed  on  temporary  shelving,  and 
roughly  catalogued,  and  the  question  of  disposing  of  such  part  of  them  as  arc 
DOt  required  in  the  general  library  or  by  the  scientific  staff  will  be  takea  up 
during  the  early  part  of  the  coming  fiscal  year. 

Many  important  gifts  were  received  during  the  year,  and  the  following 
members  of  the  staff  have  pres^ited  publications:  Dr.  Theodore  N.  Gill,  Mr. 
J.  H.  KO^,  Dr.  C  W.  Richmond,  Mr.  Robert  Ridgway,  Dr.  W.  H.  Dall,  Dr. 
Panl  Bartsch,  Mr.  W.  H.  Holmes,  Dr.  Walter  Hough,  Dr.  F.  H.  Knowlton,  Mr. 
J.  G.  Crawford,  and  the  late  Mr.  D.  W.  Ck)quillett 

The  Museum  library  now  contains  40,211  volumes,  06,674  unbound  papers, 
and  HO  manuscrlps.  The  accessions  duriiig  the  year  consisted  of  1.011  books, 
4,014  pamphlets,  and  202  parts  of  volumes;  878  books,  1,088  complete  volumes 
of  periodicals,  and  4481  pamphlets  were  catalogued. 

Attention  has  been  given  to  the  preparation  of  volumes  for  binding,  with  the 
result  that  809  books  were  sent  to  the  Govemm^t  bindery. 

The  number  of  books,  periodicals,  and  pamphlets  borrowed  from  the  general 
library  amounted  to  28.028,  among  which  were  5,582  obtained  from  the  Library 
of  0)ngress  and  other  libraries,  and  4,142  assigned  to  the  sectional  libraries  of 
the  Museum. 

One  sectional  library  has  been  added  to  those  already  established,  and  the 
complete  list  now  stands  as  follows: 

Administration  Geology  Paleobotany 

Admhiistrative  assist-  History  Parasites 

ant's  office  Insects  Physical  anthropology 

Anthropology  Invertebrate  paleontology     Prehistoric  archeology 

Biology  Mammals  Reptiles  and  batrachians 

Birds  Marine   invertebrates  Superintendent's  office 

Botany  Materia  medica  Taxidermy 

Comparative  anatomy  Mesozoic  fossils  Technology 

Editor's  office  Mineralogy  Vertebrate  paleontology 

Ethnology  Mollusks 

Fishes  Oriental   archeology 

The  records  of  the  Museum  library  consist  of  an  authors'  catalogue,  an 
accession  book,  a  periodical  record  on  standard  cards,  and  a  lending  record. 
This  lending  record  is  on  cards  and  Includes  the  books  borrowed  from  the 
Library  of  Congress  and  other  libraries  for  the  use  of  the  scientific  staff.  No 
changes  were  made  either  in  the  arrangement  or  in  the  methods  of  carrying  on 
this  work. 

Letters  requesting  new  exchanges  and  for  the  purpose  of  completing  the  sets 
already  in  the  Museum*  library  have  been  given  every  consideration,  and  a 
number  of  titles  have  been  added  in  this  way. 

Owing  to  the  crowded  condition  of  the  general  library,  it  has  been  necessary 
to  use  the  reading  room  as  a  place  for  receiving  and  distributing  publications 
tor  the  Museum  library.  The  transfer  and  arranging  of  the  duplicates  on  the 
galleries  will  relieve  this  condition  to  some  extent  and  make  it  possible  for 
that  work  to  be  done  elsewhere. 

Bureau  of  American  Ethnology. — ^The  report  of  this  library  will  be  made 
by  the  ethnologist  in  charge  and  incorporated  in  his  general  report 

Astrophysical  Observatory. — ^A  thorough  overhauling  of  this  library  and  the 
removal  of  duplicates  and  such  other  material  as  is  not  needed  was  undertaken 
^nring  the  year.  As  a  result,  the  observatory  now  has  for  reference  a  very 
eflBdent  working  library  relating  to  astrophysics  and  allied  subjects.    During 
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the  year  93  YOlumes  and  11  parts  of  volnmes  were  added,  making  a  total  addi- 
tion of  104  publications. 

National  Zoological  Park. — A  small  reference  library  of  zoological  books  Is 
maintained  at  the  park,  to  which  16  volumes  were  added  during  the  year. 

Summary  of  accessions. — The  following  statement  summarizes  all  the  ac- 
cessions during  the  year,  except  for  the  Bureau  of  American  Ethnology,  which 
is  separately  administered: 

Smithsonian  deposit  in  Library  of  Gongress,  indnding  parts  to  com- 
plete sets 11, 388 

Smithsonian  ofBce,  Astrophysical  Obseryatory,  National  Zoological  Park, 

and  International  Exchanges 876 

United  States  National  Museum  Library 6, 127 

Total 18,042 

Respectfully  submitted. 

F.  W.  Tbub, 
Assistant  Secretary  in  charge  of  Liln-ary  and  Exchange: 
Dr.  Chables  D.  Waloott, 

Secretary  of  the  Smithsonian  Institution. 
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Appendix  VIL 

REPORT  ON  THE  INTERNATIONAL  CATALOGUE  OF  SCIBNTinO 

LITERATUBB. 

Sn:  I  have  the  honor  to  submit  the  following  report  on  the  operations  of 
the  United  States  Burean  of  the  International  Catalogue  of  Scientific  literature 
for  the  year  ending  June  30,  1911,  together  with  a  report  of  the  proceedings 
at  the  Second  International  Convention  of  the  International  Catalogue  of 
Sdoitlfic  Literature  held  in  London  July  12  and  13,  1910,  outlining  the  general 
condition  of  the  whole  enterprise: 

The  appropriation  made  by  Congress  for  the  maintenance  of  the  bureau 
during  the  year  was  $7,500,  an  increase  of  $1,000  over  the  appropriation  for 
tbe  previous  year. 

Five  persons  are  regularly  employed  in  the  bureau,  and  the  services  of 
temporary  clerical  assistants  occasionally  engaged. 

In  order  to  properly  analyze  and  classify  the  many  sci^itific  works  now 
behig  published  in  the  United  States  it  is  not  only  desirable  but  necessary  to 
obtain  the  advice  and  assistance  of  scientific  men  who  are  specialists  in  the 
several  sciences  included  in  the  scope  of  the  catalogue,  and  the  increase  of 
$1,500  in  the  appropriation  for  the  catalogue  this  year  has  made  it  possible  to 
bave  some  of  the  more  technical  papers  referred  to  such  specialists. 

It  is  a  matter  of  gratification  to  report  that  the  utmost  Interest  has  been 
shoven  by  all  the  scientific  meaa.  who  have  be^i  approached  for  aid,  and  that  for 
a  nominal  sum  classification  citations  are  prepared  and  furnished  to  the  bureau, 
thus  ruddering  it  possible  for  the  scientific  publications  of  the  United  States 
to  be  not  only  indexed  in  a  thorough  bibliographical  manner,  but  also,  when 
necessary,  classified  by  specialists.  The  classification  numbers  used  in  the 
subject-catalogue  refer  to  the  subject-contents  of  the  papers  cited,  and  furnish 
the  equivalent  of  an  abstract  of  each  paper  indexed. 
During  the  year  26,020  cards  were  sent  from  this  bureau,  as  follows : 
Literature  of — 

1901 3 

1902 26 

1903 28 

1904 218 

1905 129 

1906 374 

1907 423 

1908 1. 301 

1909 8, 836 

1910 14, 682 

Total 26, 020 

Thirty-two  regional  bureaus  are  now  cooperating  in  the  preparation  and 
publication  of  the  International  Catalogue  of  Sci^tific  Literature.  The  cata- 
logue consists  of  17  annual  volumes  published  by  a  central  bureau  in  London. 
The  regional  bureaus  are  maintained  by  the  countries  they  i^present,  usually 
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t^  direct  govemmental  grants;  the  central  borean  la  maintained  bj  fonds  de- 
rived from  subacrlptlons  to  the  work.  Snpreme  control  of  the  enterprise  is 
vested  In  a  body  known  as  an  International  conv^itlon  which  met  In  London  in 
1905  and  again  In  July,  1910,  thoreaftar  to  meet  every  10  yeara  Each 
country  maintaining  a  regional  bureau  has  the  right  to  send  delegates  to 
this  convention.  The  assistant  hoi  charge  of  the  regional  bureau  for  the  United 
States  was  appointed  by  the  Secretary  of  the  Smithsonian  Institution  to  repre- 
sent the  United  States  at  the  second  international  convention.  The  principal 
countries  of  the  world  sent  delegates  to  the  convention  as  follows :  Austria,  Bel- 
gium, Denmark,  France,  Germany,  Netherlands,  India,  Italy,  Japan,  New  South 
Wales,  Russia,  South  Australia,  Sweden*  the  United  Kingdom,  and  the  United 
States. 

At  the  opening  meeting  held  in  the  rooms  of  the  Royal  Society  on  July  12, 
1910,  Sir  Archibald  Geikie,  presid^t  of  the  Royal  Society,  was  elected  chair- 
man, and  Prof.  Henry  E.  Armstrong,  F.  R.  S.,  vice  chairman.  The  report  of 
the  executive  committee  was  then  laid  before  the  convention.  This  report 
stated  that  the  seven  annual  Issues  of  the  catalogue  already  published,  compris- 
ing 117  volumes,  had  cost  the  London  central  bureau  to  edit,  print,  and  pub- 
lish, $257,980,  for  which  $246,410  had  been  received  from  the  subscribers  to  the 
catalogue  Each  annual  issue  of  17  volumes  had  averaged  9,117  pages.  From 
estimates  made  it  appeared  that  when  the  first  10  annual  issues  were  pub- 
lished the  receipts  and  expenditures  of  the  central  bureau  would  probably  l>al- 
ance,  and  it  was  thought  that  taking  into  account  the  eztmit  and  difficulty  of 
the  enterprise  this  result  would  not  be  unsatisfactory. 

While  the  gross  annual  Income  received  from  subscriptions  has  exceeded  the 
estimate  originally  made  by  an  average  of  over  $8,000,  the  cost  of  editing  and 
printing  has  been  much  greater  than  was  originally  estimated.  This  is  due 
mainly  to  the  fact  that  the  size  of  each  issue  of  the  catalogue  has  greatly  ex- 
ceeded the  original  estimate,  and  also,  in  a  lesser  degree,  to  the  fact  that  an 
edition  of  1,000  copies,  instead  of  500,  was  printed.  The  working  capital  needed 
was  also  larger  than  originally  estimated,  it  being  necessary  for  the  Royal 
Society  to  advance  to  the  central  bureau  $37,500,  on  which  interest  is  paid. 

Although  the  International  Catalogue  Is  understood  to  be  a  permanent  or- 
ganization it  is  one  of  the  duties  of  each  convention  to  authorize  the  continu- 
ation of  the  publication  for  definite  periods.  The  following  motion,  therefore, 
was  made  and  it  was  resolved : 

That  in  view  of  the  success  already  achieved  by  the  International  Cata- 
logue of  Scientific  Literature  and  the  great  importance  of  the  objects  promoted 
by  It,  it  is  imperative  to  continue  the  publication  of  the  catalogue  at  least  dur- 
ing the  period  1911-1915,  and,  on  recommendation  of  the  international  council, 
during  the  subsequent  five  years  1916-1920. 

After  several  motions  concerning  details  of  organization,  it  was  unani- 
mously voted  **  that  it  is  most  desirable  that  a  capital  fund  should  be  obtained 
for  the  catalogue."  It  is  now  apparent  that  a  capital  fund  to  be  at  the  dis- 
posal of  the  central  bureau  has  been  urgently  needed  since  the  beginning  of 
the  undertaking.  Lacking  a  capital  fund,  it  has  been  necessary  for  the  central 
bureau  to  borrow  money  on  which  interest  has  to  be  paid,  and  on  account  of  lack 
of  funds  it  has  been  impossible  to  carry  out  several  plans  looking  to  the  gen- 
eral improvement  of  the  work.  Had  a  capital  fund  been  available  in  the  begin- 
ning of  the  enterprise,  it  would  not  have  been  necessary  for  the  subscription 
price  to  be  placed  at  such  a  high  figure.  C<msequently,  a  larger  edition  could 
have  been  disposed  of  and  at  a  lower  rate  to  each  subscriber.  At  the  session 
of  the  convention  on  July  13,  methods  of  administration  were  discussed  and  the 
following  resolution  passed: 
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That  each  regional  bnreau  be  requested  to  prepare  a  list  of  Journals  in  each 
science  which  the  catalogue  will  completely  index  in  the  annual  issue  following 
the  year  of  publication,  and  tbat  the  central  bureau  be  authorized  to  publish 
the  lists  thus  prepared. 

The  new  List  of  Journals  will  consist  of  titles  of  publications  devoted  almost 
exclusively  to  scientific  matters,  and  these  journals  will  be  given  precedence 
hi  the  work  of  the  regional  bureaus,  though  references  to  scientific  papers 
published  in  other  than  regular  scientific  journals  will  eventually  find  a  place 
In  the  catalogue.  Some  such  action  was  necessary  on  account  of  the  impossi- 
bility of  dealing  promptly  with  the  vast  number  of  semiscientific  Journals  now 
published  throughout  the  world,  and,  as  promptness  of  publication  is  one  of 
the  most  desirable  features  in  an  index-catalogue,  it  was  necessary  to  find 
some  means  whereby  an  index  to  the  nM>re  important  papers  could  be  prepared 
practically  as  soon  as  the  papers  thmnselves  were  published. 

To  render  it  possible  to  promptiy  publish  future  volumes  of  the  catalogue 
the  following  resolution  was  adopted : 

That  the  resolution  of  the  year  1900  authorizing  the  central  bureau  to  close 
these  volumes  at  different  stated  dates,  each  volume  to  correspond  to  the 
litvature  of  a  period  of  12  months,  be  confirmed. 

The  effect  of  this  resolution  will  be  that  the  separate  volumes  of  the  catalogue 
will  not  necessarily  cover  the  whole  calendar  year  but  will  cover  a  period  of 
12  months.  A  number  of  discussions  then  followed,  pertaining  to  plans  for 
improvemoits  in  the  organization  and  general  work  of  the  regional  bureaus. 
It  was  then  resolved: 

That  in  view  of  the  resolution  adopted  unanimously  by  the  representatives 
of  the  various  countries  constituting  the  conv^ition,  desiring  the  Royal  Society 
to  C(mtinde  its  responsibility  for  the  publication  of  the  International  Catalogue 
for  a  further  period,  the  committee  appointed  be  instructed:  (1)  To  take  all 
possible  steps  to  prevent  reduplication  by  the  publication  of  several  annunl 
and  similar  catalogues  and  indexes  on  the  same  subject,  by  making  arrange- 
ments such  as  those  now  in  force  with  the  Zoological  Society  of  London. 
(2)  To  obtain  further  assistance  and  cooperation  in  the  preparation  of  the 
mat^ial  of  the  catalogue  from  the  principal  scientific  societies  and  academies 
and  the  organizations  which  collect  materials  for  indexing  scientific  literature. 

The  idea  now  seems  to  prevail  that  the  organization  of  the  International 
CSatalogue  of  Scientific  Literature  will  gradually  be  able  to  cooperate  with  the 
present  editors  and  publishers  of  the  various  sci^itific  indexes  and  yearl)ook8, 
so  that  the  annual  volumes  of  the  International  Catalogue  will  eventually 
entirely  supersede  and  take  the  place  of  ail  similar  publications.  This  will 
not  only  be  of  common  benefit  to  the  International  Catalogue  and  to  the 
societies  and  private  individuals  now  doing  such  work,  but  will  greatly  assist 
scientific  investigators  and  librarians  in  whose  interest  the  International  Cata- 
logue is  prepared. 

The  question  of  publishing  a  decennial  Index  was  then  discussed  and  it  was 
decided  that  on  account  of  the  great  expense  necessarily,  involved  the  work 
coQld  not  for  the  present  be  undertaken.  The  matter  was  left  for  the  action 
of  the  next  international  council,  which  will  l>e  held  within  the  next  two  years. 

During  the  meeting  of  the  convention  the  foreign  delegates  were  the  recipients 
of  nomerous  and  gracious  hospitalities  from  the  Royal   Society,  the  Royal 
Society  Club,  and  individually  from  the  English  members  of  the  convention. 
Very  respectfully,  yours, 

Leonard  C.  Gunnell, 

A8$Utant  in  Charge, 

Dr.  Charles  D.  Walcott, 

Secretary  of  the  Smithsonian  InatitutUm, 
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BEPOKT  ON  THB  PUBLICATIONS. 

Sib:  I  have  the  boDor  to  submit  the  f611owliig  report  on  the  publlcationB  of 
the  Smithsonian  Institotion  and  its  brandies  doring  the  fiscal  year  ending 
Jane  30,  1911: 

The  total  number  of  copies  of  poblicatlons  of  tlie  Smithsonian  Instltnticn  and 
its  branches  distributed  during  tlie  year  was  1974206.  This  aggregate  in- 
cluded 648  TOlumes  and  separates  of  Smithsonian  Contributions  to  Knowledge, 
86,935  of  Smithsonian  Miscellaneous  Collections,  19,622  q;>ecial  publicatiims,  in- 
cluding 2,743  TOlumes  on  the  Harriman  Alaska  expedition;  618  publications 
not  included  in  the  Smithsonian  series;  22,482  annual  r^x>rts  and  bulletins  of 
the  Bureau  of  American  Ethnology,  and  110,000  copies  of  the  various  publica- 
tions of  the  National  Museonu 

I.   SMITHSONIAlf   OONnUBUnOItS   TO  KH0WLD6B. 

The  Langley  M^noir  on  Mechanical  Flight  which  was  begun  by  the  late  Sec- 
retary Langley  in  1904,  and  continued  by  Mr.  Charles  M.  Manly,  assistant  in 
charge  of  experiments,  was  in  type  and  nearly  ready  for  distribution  at  the 
close  of  the  year.  This  work  forms  a  part  of  volume  27  of  the  Contributions 
to  E[nowledga 

n.   SMITHSONIAN    MISCELLANEOUS    COLLECTIONS. 

In  the  series  of  Smithsonian  Miscellaneous  Collections  were  published  (1) 
coyer  and  preliminary  pages  for  yolume  61;  (2)  two  papers  of  rolume  53,  with 
cover,  preliminary  pages,  and  index,  completing  that  volume;  (3)  thirteen 
papers  of  volume  66;  (4)  four  papers  of  volume  57;  (6)  and  the  Smithsonian 
Physical  Tables,  by  F.  B.  Fowle,  farming  part  of  volume  58. 

The  issues  of  the  Smithsonian  Miscellaneous  Collections  during  the  year  were 
as  fbllows: 

1928.  Smithsonian  Miscellaneous  Collections.    Cover  and  preliminary  pages  for 

volume  64.    Octavo.    Pages  v. 
1934.  Cambrian  Geology  and  Paleontology.    No.  6:  Olenellus  and  other  Genera 

of  the  Mesonacidae.     By  Charles  D.  Walcott     Published  August  12,  1910. 

Octavo.     Pages  231-422   (unpaged  index),  with  Plates  23-44.     Volume  63, 

No.  6. 

1939.  Cambrian  Geology  and  Paleontology.  No.  7 :  Pre-Cambrian  Rocks  of  the 
Bow  River  Valley,  Alberta,  Canada.  By  Charles  D.  Walcott  Published 
August,  1910.    Octavo.    Pages  423-431,  with  Plates  45-47.    Volume  53.    No.  7. 

1940.  Cambrian  Geology  and  Paleontology.  II.  Abrupt  Appearance  of  the 
Cambrian  Fauna  on  the  North  American  Contin^it.  By  Charles  D.  Walcott 
Published  August  18,  1910.    Octavo.    Pages  1-16.    Volume  67,  No.  1. 
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194L  Notes  on  a  Horn-feeding  L^idoptax)U8  Larva  from  Africa.  By  Angnst 
Bnsck.  Published  Jnly,  1910.  Octavo.  Pages  2,  with  2  plates.  Volume  5G, 
No.  a 

1942.  Description  of  Seven  New  Species  of  East  African  Mammals.  By  Edmund 
Heller.  Published  July  22,  1910.  Octavo.  Pages  5,  with  three  plates. 
Volume  56,  No.  9. 

1943.  Smithsonian  Miscellaneous  Collections.  Cover  and  preliminary  pages  for 
volume  51.    Octavo. 

1944.  Smithsonian  Physical  Tables.  Fifth  Revised  Edition.  By  F.  E.  Fowle, 
aid,  ftnithsonian  Astrophysical  Observatory.  Published  May  17,  1911.  Oc- 
tavo.  Pages  xxxiv,  318.    Volume  58,  No.  1. 

1945.  New  Landshells  from  the  Smithsonian  African  Expedition.  By  William 
Heal^  DalL    Published  July  22, 1910.    Octavo.    Pages  3.    Volume  56,  No.  10. 

1946.  Development  of  the  Digestive  Canal  of  the  American  Alligator.  By  Albert 
M.  Reese,  Professor  of  Zoology,  West  Virginia  University.  Published  October 
29, 1910.    Octavo.    Pages  25,  with  15  plates.    Volume  56,  No.  11. 

1947.  The  Flying  Apparatus  of  the  Blow-Fly.  By  Dr.  Wolfgang  Bitter.  Hodg- 
kins  Fund.  Published  May  11,  1911.  Octavo.  Pages  76,  with  20  platea 
Volume  56,  No.  12. 

1949.  Cambrian  Qeology  and  Paleontology.  By  Charles  D.  Walcott  Cover, 
preliminary  pages,  and  index  for  papers  1  to  7.  Published  June  1,  1911. 
Octavo.    Pages  ix,  433-49&    Volume  53. 

1988.  Two  New  African  Ratels.  By  N.  Hollister.  Published  October  10,  1910. 
Octavo.    Pages  3.    Volume  56,  No.  13. 

2003.  Descriptions  of  Ten  New  African  Birds.  By  Edgar  A.  Meams.  Pub- 
lished December  23,  1910.    Octavo.    Pages  7.      Volume  56,  No.  14. 

2001  New  Species  of  Insect! vores  from  British  East  Africa,  Uganda,  and  the 
Sudan.  By  Edmund  Heller.  Published  December  23,  1910.  Octavo.  Pages 
8,  with  one  plate.    Volume  56,  No.  15. 

2005.  Some  Bespits  of  Recent  Anthropological  Exploration  in  Peru.  By  Aled 
Hrdll(%a.  Published  April  26,  1911.  Octavo.  Pages  16,  with  four  plates. 
Volume  56,  No.  16. 

2006.  New  Species  of  Rodents  and  Carnivores  from  Equatorial  Africa.  Pub- 
Uahed  February  28,  1911.    Octavo.    Pages  16.    Volume  56,  No.  17. 

2007.  Bibliography  of  the  Scientific  Writings  of  R.  E.  C.  Steams.  By  Miss 
Uary  R.  Steams.  With  Biographical  Sketch  by  William  H.  Dall.  Pub- 
lished April  12,  1911.    Octavo.    Pages  15,  with  one  plate.    Volume  56,  No.  18. 

2008.  The  Silver  Disk  Pyrheliometer.  By.  C.  G.  Abbot  Published  March  31, 
1911.    Octavo.    Pages  10,  with  one  plate.    Volume  56,  No.  19. 

2000.  Cambrian  Geology  and  Paleontology.  II.  No.  2.  Middle  Cambrian 
Merostomata.  By  Charles  D.  Walcott.  Published  April  8,  1911.  Octavo. 
Pages  17-40,  with  six  plates.    Volume  57,  No.  2. 

2010.  Descriptions  of  Fifteen  New  African  Birds.  By  Edgar  A.  Meams.  Pub- 
lished April  17,  1911.    Octavo.    Pages  11.    Volume  56,  No.  20. 

2011.  Cambrian  Geology  and  Paleontology.  II.  No.  3 :  Middle  Cambrian  Holo- 
thurians  and  Medusse.  By  Charles  D.  Walcott  Published  June  13,  1911. 
Octavo.    Pages  41-68,  with  Plates  8-13.    Volume  57,  No.  3. 

2012.  Cambrian  Geology  and  Paleontology.  II.  No.  4:  Cambrian  Faunas  of 
China.  By  Charles  D.  Walcott.  Published  June  17, 1911.  Octavo.  Pages  60- 
108,  with  Plates  1^17.    Valume  67,  No.  4. 
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The  following  papers  of  Smitbsonian  Miscellaneons  Collections  were  In  press 
at  the  close  of  thp  year : 

2014.  Cambrian  Geology  and  Paleontology.  II.  No.  5:  Middle  Cambrian  An- 
nelids. By  Charles  D.  Walcott  Pages  109-144,  with  Plates  18-23.  Volume 
67,  No.  6. 

2015.  Description  of  a  New  Genus  and  Species  of  Hummingbird  from  Panama. 
By  E.  W.  Nelson.    Volume  56,  No.  21. 

m.   SMFTHSONIAN   ANIfUAL   BEPOBTS. 

The  annual  report  for  1909  was  published  In  January,  1911. 

1986.  Annual  Report  of  the  Board  of  Regents  of  the  Smithsonian  Institution, 
showing  Operations,  Expenditures,  and  Conditions  of  the  Institution  for  the 
year  ending  June  30,  1909.  Octavo.  Pages  x,  751,  with  73  plates  and  4 
maps.    Containing  publications  1915,  1916,  and  1950-1985. 

Small  editions  of  the  following  papers,  forming  the  general  appendix  of  the 
Annual  Report  of  the  Board  of  Regents  for  1909,  were  Issued  In  pamphlet  form : 

1950.  The  Future  of  Mathematics.    By  Henri  Poincare.    Pages  123-140. 

1951.  What  Constitutes  Superiority  in  an  Airship.  By  Paul  Renard.  Pages 
141-156. 

1952.  Researches  In  Radiotelegraphy.  By  J.  A.  Fleming.  Pages  157-183,  with 
two  plates. 

1953.  Recent  Progress  in  Physics.    By  Sir  J.  J.  Thomson.    Pages  185-205. 

1954.  Production  of  Low  Temperatures,  and  Refrigeration.  By  L.  Marchia 
Pages  207-224. 

1055.  The  Nitrogen  Question  from  the  Military  Standpoint  By  Charles  BL 
Munroe.    Pages  225-236. 

1956.  Simon  Newcomb.    By  Ormond  Stone.    Pages  237-242,  with  one  plate. 

1957.  Solar-radiation  Researches,  by  Jules  C^sar  Janss^.  By  H.  de  le  Baume 
Pluvlnel.    Pages  243-251,  with  one  plate. 

1958.  The  Return  of  Halley's  Comet  By  W.  W.  Campbell.  Pages  253-259, 
with  four  plates. 

1959.  The  Upper  Air.    By  E.  Gold  and  W.  A.  Harwood.    Pages  261-269. 
1060.  The    Formation,    Growth,    and   Habit   of   Crystals.    By    Paul    Gaub^i:. 

Pages  271-278. 
19G1.  The  Distribution  of  Elements  in  Igneous  Rocks.    By  Henry  S.  Wash- 
ington.   Pages  279-304. 

1962.  The  Mechanism  of  Volcanic  Action.  By  H.  J.  Jonston-Lavis.  Pagec 
305-315,  with  3  platea 

1963.  Conservation  of  Natural  Resources.    By  James  Douglaa    Pages  317-329. 

1964.  The  Antarctic  Land  of  Victoria.  By  Maurice  Zimmermann.  Pages 
331-S53. 

1965.  Some  Results  of  the  British  Antarctic  Expedition,  1907-9.  By  R.  H. 
Shnckleton.    Pages  356-368,  with  6  plates  and  3  maps. 

1906.  The  Oceanography   of  the   Sea   of  Gre«iland.    By   D.   Damas.     Pages 

369-383,  with  2  platea 
1967.  From  the  Niger,  by  Lake  Chad,  to  the  Nile.    By  Lieut  Boyd  Alexander. 

Pages  aS5-400,  with  3  platea 
196a  Mesopotamia:  Past,   Present,   and   Future.    By   Sir  William   Willcocka 

Pages  401-416,  with  4  plates  and  1  map. 

1969.  Albert  Gaudry  and  the  Evolution  of  the  'Animal  Kingdom.  By  Ph. 
Glangeaud.    Pages  417-429. 

1970.  Charles  Darwin.    By  August  Weismann.    Pa^es  431-452. 
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1971.  Present  Problems  in  Plant  Ecology:  Probl^ns  of  Local  Distrlbation  In 
Arid  Beglona    By  Yolney  M.  Spalding.    Pages  458-463. 

1972.  Tbe  Instinct   of   8elf-concealment   and   the   Choice   of   Colors    in   the 
Crustacea.    By  Bomoald  Minkiewics.    Pages  466-485. 

1973.  Tbe  Origin  and  Dey^opm^t  of  the  Parasitical  Habits  in  the  CncnlidA. 
By  C.  L.  Barrett    Pages  487-492,  with  2  plates. 

1974.  Some  Remarks  on  the  Protecttve  Resemblance  of  Sonth  African  Birds. 
By  Alwin  Haagner.    Pages  493-504,  with  2  plates. 

1975.  An  inquiry  into  the  History  of  the  Current  English  Names  of  North 
American  Land  Birds.  .By  Spencer  Trotter.    Pages  505-519. 

197&  Condition  of  Wild  Life  in  Alaska*    By  Madison  Grant    Pages  521-529, 
with  1  plate. 

1977.  Recent  DiscoyerieB  Bearing  on  the  Antiquity  of  Man  in  Europe.    By 
George  Grant  MacCurdy.    Pages  581-588»  with  18  plate& 

1978.  European  Population  of  the  United  States.    By  W.  Z.  Ripley.    Pages 
685-606. 

1979.  The  R^mblic  of  Panama  and  its  People.    By  Eleanor  Yorke  BelL    Pages 
G07-637,  with  14  plate& 

1980.  Ceramic  Decoration:  Its  Evolution  and  Applications.    By  Louis  Fran- 
cbet    Pages  639-660. 

1981.  Some    Notes    on    Roman    Architecture.    By    F.    T.    Baggallay.    Pages 
651-667,  with  4  plates. 

1982.  The  Relation  of  Science  to  Human  Ufa    By  Adam  Sedgwick.    Pages 
669-^82. 

1983.  Intellectual  Work  among  the  Blind.    By  Pierre  Villey.    Pages  683-702. 
1964.  Tbe  Relation  of  Mosquitoes,  Flies,  Ticks,  Fleas,  and  other  Arthropods 

to  Pathology.    By  G.  MaroteL    Pages  703-722. 

1985.  Natural  Resistance  to  Infectious  Disease  and  its  Reinforcement.    By 
Simon  Flexner.    Pages  723-788. 
The  report  of  the  executive  committee  and  Proceedings  of  the  Board  of 

Brents  of  the  Institution,  as  well  as  the  report  of  the  Secretary,  for  the 

fiscal  year  aiding  June  30,  1910,  both  forming  part  of  the  annual  report  of  the 

Boaid  of  Regents  to  Congress,  were  published  in  pamphlet  form  in  December, 

1910,  as  follows:  # 

200L  Report  of  the  Executive  Committee  and  Proceedings  of  the  Board  of 
Regents  for  the  year  ending  June  30,  1910.    Pages  21,  with  1  plate. 

2002.  Report  of  the  Secretary  of  the  Smithsonian  Institution  for  the  year  end- 
ing June  30,  1910.    Pages  89. 
The  general  appendix  to  the  Smithsonian  Report  for  1910  was  in  type,  but 

actual  presswork  could  not  be  completed  before  the  close  of  the  fiscal  year. 

In  the  general  appendix  are  the  following  papers : 

MdviUe  Weston  FuUer,  1833-1910,  by  Charles  D.  Walcott. 

Ornamentation  of  Rugs  and  Carpets,  by  Alan  S.  Cole. 

Recent  Progress  in  Aviation,  by  Octave  Chanute. 

Progress  in  Reclamation  of  Arid  Lands  in  the  Western  IJnited  States,  by  F.  H. 
NeweU. 

Eaectric  Power  from  the  Mississippi  River,  by  Chester  M.  Clark. 

Safety  Provisions  in  the  United  States  Steel  Corporation,  by  David  S.  Beyer. 

The  Isolation  of  an  Ion,  a  Precision  Measurement  of  Its  Charge,  and  the  Cor- 
rection of  Stokes's  Law,  by  R.  A.  MllUkan. 

The  Telegraphy  of  Photographs,  Wireless  and  by  Wire,  by  T.  Thome  Baker. 

Modem  Ideas  on  the  Constitution  of  Matter,  by  Jean  Becquerel. 

Some  Modem  Developments  in  Methods  of  Testing  Explosives,  by  Charles  B, 
Munroe. 
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Sir  William  Hoggins,  by  W.  W.  CampbelL 

The  Solar  Constant  of  Radiation,  by  C.  G.  Abbot 

Astronomical  Problems  of  the  Southern  Hemli9)here,  by  Heber  D.  Curtis. 

The  Progressive  Disclosure  of  the  Entire  Atmosphere  of  the  Sun,  by  Dr.  H. 

De8landre& 
Becent  Progress  in  Astrophysics  in  the  United  States,  by  J.  Bosler. 
The  Future  Habitabillty  of  the  Earth,  by  Thomas  Chrowder  Chamberlln. 
What  Is  Terra  Firma?    A  review  of  current  research  In  isostasy,  by  Bailey 

WllUa 
Transpiration  and  the  Ascent  of  Sap,  by  Henry  H.  Dixon. 
The  Sacred  Ear-Flower  of  the  Aztecs,  by  William  Edvdn  Safford. 
Forest  Preservation,  by  Henry  S.  Graves. 
Alexander  Agassiz,  1835-1910,  by  Alfred  Goldsborough  Mayer. 
Becent  Work  on  the  Determination  of  Sex,  by  Leonard  Doncaster. 
The   Significance   of   the   Pulse   Bate   in    Vertebrate   Animals,   by    Florence 

Buchanan. 
The  Natural  History  of  the  Solitary  Wasps  of  the  Geniis  Synagrls,  by   B. 

Boubaud. 
A  Contribution  to  the  Ecology  of  the  Adult  Hoatzln,  by  C.  William  Beebe. 
Migration  of  the  Pacific  Plover  to  and  from  the  Hawaiian  Islands,  by  Henry 

W.  Henshaw.. 
The  Plumages  of  the  Ostrich,  by  Prol  J.  E.  Duerden. 
Manifested  Life  of  Tissues  Outside  of  the  Organism,  by  Alexis  Carrel  and 

Montrose  T.  Burrows. 
The  Origin  of  Druidism,  by  Julius  Pokomy. 
Geographical   and   Statistical   View  of  the  Oontempoi-ary   Slav   Peoples,    by 

Lubor  Niederle. 
The  Cave  Dwellings  of  the  Old  and  New  Worlds,  by  J.  Walter  Fewkes. 
The  Origin  of  West  African  Crossbows,  by  Henry  Balfour. 
Sanitatlcm  on  Farms,  by  Allen  W.  Freeman. 
Epidemiology  of  Tuberculosis,  by  Bobert  Koch. 

IV.   SPECIAL  PUBLICATIONS. 

The  following  special  publications  were  issued  during  the  year : 
1871.    A  Beprint  of  Smithsonian  Mathematical  Tables:  Hyperbolic  j^nctiona 

By  George  F.  Becker  and  C.  E.  Van  Orstrand.    Published  June,  1911.     Octavo. 

Pages  11,  321. 
1932.     Classified   list   of   Publications  available   for  distribution   May,   1910. 

Octavo.    Pages  37.    July,  1910. 
1938.    Opinions  Bendered  by  the  International  Commission  on  Zoological  No- 

menclatura    Opinions  1  to  35.    Octavo.    Pages  62.    July,  1910. 

1989.  Ophilons    Bendered    by    the    International    Commission    on    Zoological 
Nomenclature.    Opinions  26  to  29.    Octavo.    Pages  63-68.    October,  1910. 
The  following  special  publication  was  In  type  but  had  not  been  Issued  at  the* 

close  of  the  year. 

2013.     Opinions   Bendered   by   the   International   Commission   on   Zoological 
Nomenclature.    Opinions  30-37. 

HABBIMAlf  ALASKA  SEBIEa 

The  Institution  received  from  Mrs.  Edward  H.  Harrlman  several  thousand 
copies  of  volumes  descriptive  of  the  Harrlman  expedition  to  Alaska  In  1899. 
Special  Smithsonian  title  pages  were  added  to  the  volumes  before  distribution 
by  the  Institution.    The  subjects  were  as  follows: 

1990.  Volume  I:  Narrative,  Glaciers,  Natives.  By  John  Burroughs,  John  Malr, 
and  George  Bird  Grinn^L    Pages  184,  with  60  plates  and  4  maps. 
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190L     Yolmne   II:    History,   Geography,   Resoarces.     By   William    H    Dall, 

Charles  Keeler,  B.  B.  Fttnow,  .Henry  Gannett,  William  H.  Brewer,  C.  Hart 

Merriam,  George  Bird  Grimi^,  and  M.  Xj.  Waahbum.    Pages  200,  with  64 

plates  and  1  map. 
1902.    Yolnme  III:  Glaciers  and  Gladation.    By  Grove  Karl  Gilbert    Pages 

2B1,  with  17  plates  and  1  map. 
1093.    Yolnme  FY:  Geology  and  Pale(mt<dogy.     By  B.  K.  Emerson,  Charles 

Palache,  William  H.  Dall,  R  O.  TJlridi,  and  F.  H.  Knowlton.    Pages  178, 

with  83  plates  and  1  map. 
1991    Volnme  Y:  Cryptogamlc  Botany.    By  J.  Cardot,  Clara  B.  Cummlngs, 

Alexander  W.  Evans,  C.  H.  Peck,  P.  A.  Saccardo,  De  Alton  Saunders,  I. 

Tberiot  and  William  Trelease.    Pages  424,  with  44  plates. 

1995.  Volnme  YIII*:  Insects.  Part  I.  By  William  H.  Ashmead,  Nathan 
Banks,  A.  W.  Caudell,  O.  P.  Cook,  RoUa  P..  Currie,  Harrian  G.  Dyar,  Justus 
Watson  Folsom,  O.  Heidemann,  Trevor  Kincaid,  Theo.  Pergande,  and  E.  A. 
Schwarz.    Pages  238,  with  17  plates. 

1996.  Volume  IX:  Insects.  Part  II.  By  William  H.  Ashmead,  D.  W. 
Coqulllett,  Trevor  Kincaid,  and  Theo.  Pergande.    Pages  284,  with  4  plates. 

1997.  Volume  X:  Crustaceans.  By  Mary  J,  Rathbun,  Harriet  Richardson, 
8.  J.  Holmes,  and  Leon  J.  Cole.    Pages  337,  with  26  platfes. 

1998.  Volume  XI:  Nemerteans.  By  Wesley  R.  Coe.  Bryozoans.  By  Alice 
Bobertson.    Pages  251,  with  25  plates. 

1999.  Volume  XII:  Enchytrffiids.  By  Gustav  Elsen.  Tublcolous  Annelids. 
By  Katherine  J.  Bush.    Pages  356,  with  44  plates. 

2000.  Volume  XIII:  Land  and  Freshwater  Mollusks.  By  William  H.  DalL 
Hydroids.    By  C.  C.  Nutting.    Pages  250,  with  15  plates. 

V.  PUBLICATIONS   OF  THE  UlTITED   STATES    NATIONAL   MUSEUM. 

The  publications  of  the  National  Museum  are:  (a)  The  annual  report  to 
Congress;  (b)  the  Proceedings  of  the  United  States  National  Museum;  and  (c) 
the  Bulletin  of  the  United  States  National  Museum,  which  includes  the  Con- 
tributions from  the  United  States  National  Herbarium.  The  editorship  of  these 
publications  is  in  charge  of  Dr.  Marcus  Benjamin. 

The  publications  issued  during  the  year  comprised  the  annual  report  for 
1910;  papers  1750  to  1771  of  volume  38,  proceedings;  papers  1772  to  1845  of 
volumes  39  and  40,  proceedings;  papers  1846,  1847,  1849-1852,  1854,  and  1855  of 
Tolume  41,  proceedings ;  five  bulletins  and  seven  parts  of  volumes  of  Contribu- 
tions from  the  National  Herbarium. 

The  bulletins  were  as  follows : 
No.  71.  A  Monograph  of  the  Foramlnlfera  of  the  North  Pacific  Ocean.    Part  II, 

Textulariidffi.    By  Jos^h  Augustine  Cushman. 
No.  73.  An  account  of  the  Bealied  Whales  of  the  Family  Ziphlidse  in  the  Collec- 
tion of  the  United  States  National  Museum,  with  Remarks  on  some  Specimens 
In  other  American  Museums.    By  Frederick  W.  True. 
No.  74.  One  some  West  Indian  Echlnoids.    By  Theodor  Mortensen. 
No.  75.  North  Pacific  Ophiurans  in  the  Collection  of  the  United  States  Na- 
tional Museum.    By  Hub^t  Lyman  Clark. 
No.  76.  Asteroldea  of  the  North  Pacific  and  Adjacent  Waters.    By  Walter 
Kendrick  Fisher. 

In  the  series  of  Contributions  from  the  National  Herbarium  there  appeared : 
Volume  15.  The  North  American  Species  of  Panicum.    By  A.  S.  Hitchcock  and 
Agnes  Chase. 

^Yolmnes  VI  and  VII  have  not  yet  been  prepared  for  publication. 
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Volume  14,  Part  2.    History  of  the  CkKJonut  Palm  In  Am^ica.    By  O.  F.  Ooolc 
Volume  13,  Part  6.    The  Type  Localities  of  Plants  First  Described  from  New 

Mexlca    A  Bibliography  of  New  Mexican  Botany.    By  Paul  C.  Standley. 
Volume  13,  Part  7.    A  Preliminary  Treatment  of  the  Genus   Castllla.    By 

Henry  Pittler. 
Volume  13,  Part  S,    The  Genus  Tallnum  in  Mexico,  by  J.  N.  Rose  and  Panl  C. 

Standley ;  and  Two  new  Species  of  Harperella,  by  J.  N.  Rose. 
Volume  13,  Part  9.  Studies  of  Mexican  and  C5entral  American  Plants.    No.  7. 

By  J.  N.  Rose. 
Volume  13.  Part  10.    Miscellaneous  Papers.    By  Albert  W.  C.  T.  Herre,  William 

H.  Brown,  Joseph  H.  Painter,  Paul  C.  Standley,  Edward  S.  Steele,  and  E.  A. 

Goldman. 

VI.  PUBLICATIONS  OF  THK  BUREAU  OF  AMERICAN  ETHNOLOGY. 

The  publications  of  the  bureau  are  discussed  in  detail  in  another  appendix 

of  the  Secretary's  report    The  editorial  work  is  In  charge  of  Mr.  J.  G.  Gurley. 

The  following  eight  bulletins  were  published  by  the  bureau  during  the  year : 

Bulletin  30.  Handbook  of  American  Indians  North  of  Mexico.  Edited  by 
Frederick  Webb  Hodge.  Part  2.  PubUshed  1911.  Octavo.  Pages  Iv,  1221, 
with  many  figures. 

Bulletin  37.  Antl<tuitle8  of  Central  and  Southeastern  Missouri.  By  Gerard 
Fowke.  (Report  on  explorations  made  in  1906-1907  under  the  au^lces  of 
the  Archaeological  Institute  of  America.)  Published  1910.  Octavo.  Pages 
vii,  116,  with  19  plates  and  20  figures. 

Bulletin  40.  Handbook  of  American  Indian  Languages.  By  Franz  Boas.  Part 
1.  With  Illustrative  sketches  by  Roland  B.  Dixon  (Maidu),  P.  B.  Goddard 
(Athapascan:  Hupa),  William  Jones,  revised  by  Truman  Michelson  (Algon- 
quian),  John  R.  Swanton  (Tllngit,  Haida),  William  Thalbitzer  (Eskimo)  ; 
(Franz  Boas:  Introductiixi,  CMnook,  Kwakiutl,  Tsimshlan;  John  R.  Swanton 
and  Franz  Boas,  Siouan).    Published  1911.    Octavo.    Pages  vii,  1069. 

Bulletin  43.  Indian  Tribes  of  the  Lowei*  Mississippi  Valley  and  Adjacent  Coast 
of  the  Gulf  of  Mexico.  By  John  R.  Swanton.  Published  1911.  Octavo. 
Pages  vll,  387,  with  32  plates  (including  1  map)  and  2  figures. 

Bulletin  44.  Indian  Languages  of  Mexico  and  Central  America,  and  their  (Geo- 
graphical Distribution.  By  C5yrus  Thomas,  assisted  by  John  R.  Swanton. 
Accompanied  with  a  linguistic  map.  Published  1911.  Octavo.  Pages  vll, 
108,  and  1  map. 

Bulletin  45.  Chippewa  Music.  By  Frances  Densmore.  Published  1910.  Oc- 
tavo.   Pages  xix,  216,  with  12  plates,  8  figures,  and  many  musical  pieces. 

Bulletin  50.  Preliminary  Report  on  a  Visit  to  the  Navaho  National  Monument, 
Arizona.  By  Jesse  Walter  Fewkes.  Published  1911.  Octavo.  Pages  vii,  86, 
with  22  plates  and  3  figures. 

Bulletin  51.  Antiquities  of  the  Mesa  Verde  National  Park:  Cliff  Palace.  By 
Jesse  Walter  Fewkes.  Published  1911.  Octavo.  Pages  82,  with  35  plates  and 
4  figures. 

VII.   PUBLICATIONS   OF   THE  SMITHSONIAN   A8TBOPHYSIOAL   OBSEBVATOBT. 

There  were  no  new  publications  issued  by  the  Astrophysical  Observatory  dur- 
ing the  year. 

VIU.  AMERICAN   HISTOBICAI.  ASSOCIATION. 

The  annual  reports  of  the  American  Historical  Association  are  transmitted 
by  the  association  to  the  Secretary  of  the  Smithsonian  Institution  and  are 
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communicated  to  Oongress  tmder  the  provisloiifl  of  the  act  of  incorporation  of 

the  association. 
Yolnme  I  of  the  report  for  the  jear  1908,  sent  to  the  printer  in  June,  1900, 

was  published  in  July,  1910.    Its  contents  were  as  follows : 

Beport  of  the  Proceedings  of  the  Twenty-fourth  Annual  Meeting  of  the  American 
Historical  Association.    By  Waldo  G.  Leland,  secretary. 

Beport  of  the  Proceedings  of  the  Fifth  Annual  Meeting  of  the  Pacific  Coast 
Branch.    By  Jacob  N.  Bowman,  secretary  of  the  branch. 

Beport  of  Conference  on  Relations  of  Geography  to  History.    By  Erie  Sparks. 

Proceedings  of  Conference  on  History  in  Secondary  Schools.    Edited  by  Andrew 
0.  McLaughlin. 

Beport  of  Conference  on  Besearch  in  English  History.    By  Edward  P.  Cheyney. 

Beport  of  Conference  on  Research  in  American  Colonial  and  Revolutionary  His- 
tory.   By  Herbert  L.  Osgood. 

Beport  of  Conference  on  Research  in  Southern  History.    By  Lyon  G.  Tyler. 

Beport  on  Fifth  Annual  Conference  on  the  Problems  of  State  and  Local  His- 
torical Societies.    By  St  George  L.  Sioussat 

The  Viceroy  of  New  Spain  in  the  Eighteenth  Century.    By  Don  B.  Smith. 

Notes  Supplementary  to  any  Edition  of  Lewis  and  Clark.    By  Frederick  J. 
Teggart 

The  Historical  Value  of  the  Census  Records.    By  Joseph  A.  Hill. 

The  American  Newspapers  of  the  Eighteenth  Century  as  Sources  of  History. 
By  William  Nelson. 

The  Wilderness  Campaign : 

1.  Grant's  Conduct  of  the  Wilderness  Campaign.    By  Gen.  Edward  P.  Alex- 

ander, Confederate  States  Army. 

2.  Lee's  Conduct  of  the  Wilderness  Campaign.    By  Col.  William  R.  Liver- 

more,  United  States  Army. 

3.  The  Wilderness  Campaign  from  Our  Present  Point  of  View.    By  MaJ. 

Eben  Swift,  United  States  Army. 
Ninth  Annual  Report  of  the  Public  Archives  Commission.    By  Herman  V. 
Ames,  chairman.  H^ 

Appendix  A.    Report  on  the  Archives  of  the  State  of  Maine.    By  Allen 

Johnson. 
Appendix  B.    Report  on  the  Archives  of  the  State  of  Missouri.    By  Jonas 

Vlles. 
Appendix  C.    Report  on  the  Archives  of  the  State  of  Washington.    By 

Jacob  N.  Bowman. 
Appendix  D.    List  of  the  Journals  of  the  Councils  and  Assemblies  and  the 
Acts  of  the  13  Original  Colonies  in  America  Preserved  in  the  Public 
Record  Office,  London.    Edited  by  Charles  M.  Andrews. 
Volume  II  of  the  1908  report,  sent  to  the  printer  April  26,  1910,  had  not  been 
entirely  completed  June  80,  1911.    It  will  be  made  up,  for  convenience,  in  two 
parts,  pages  1-807,  808-1617,  containing  Parts  II  and  III  of  Texas  Diplomatic 
Correspondence.    Edited  by  Prof.  George  P.  Garrison. 

The  manuscript  of  the  1909  report,  to  form  one  volume,  was  seat  to  the 
printer  January  10, 1911,  and  was  practically  all  in  type  before  June  30, 1911. 
The  manuscript  of  the  1910  report  was  sent  to  the  printer  June  3,  1911. 

IX.   SOCI£TT  OF   THE  DAUGHTERS   OF  THE  AlIEBICAN   REVOLUTION. 

The  manuscript  of  the  Thirteenth  Annual  Report  of  the  National  Society  of 
the  Daughters  of  the  American  Revolution,  for  the  year  ending  October  11, 
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1910,  was  received  from  tbe  society  February  24,  1911,  and  was  commtmlcated 
to  Ck>zigress  on  February  27,  in  accordance  witli  the  act  of  incorporation  of 
that  organization. 

X.  6ltlTHSOl9IAK    AOVIBOBT    OOMlItTTEB   ON    PBIKTINQ   AND    Pir^UOATIOIf. 

The  editor  has  continued  to  serve  as  secretary  of  the  Smithsonian  advisory 
committee  on  printing  and  publication.  To  this  conmiittee  have  been  referred 
the  manuscripts  proposed  for  publication  by  the  various  branches  of  the  Insti- 
tution as  well  as  those  offered  for  printing  in  the  Smithsonian  Miscellaneous 
Ck)Uections.  The  committee  also  considered  forms  of  routine  blanks  and  vari- 
ous matters  pertaining  to  printing  and  publication,  including  the  qualities  of 
paper  suitable  for  text  and  plates.  Twenty-four  meetings  were  held  and  115 
manuscripts  were  acted  upon. 

Respectfully  submitted. 

A.  HowABD  Glabk,  Editor, 

Dr.  Chables  W.  Waloott, 

Secretary  of  the  Smithsonian  Institution. 
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REPORT  ON  CX>NGB£SS  OF  ARCHIVISTS  AND  LIBRARIANS,  AND  CON- 
GR£SS  OF  BIBUOORAPHT  AND  DOCUMBNTATION. 

Sib:  I  have  the  bonor  to  pree^it  tlie  following  report  as  the  representatiye 
of  the  Smithsonian  Institution  at  the  International  Congress  of  Archivists  and 
Librarians  and  the  Int^national  Congress  of  Bibliography  and  Docnm^itatlon, 
hM  at  Brussels,  Belgium,  in  August,  1910. 

The  Congress  of  Bibliography  and  Documentation,  the  first  of  the  two 
congresses  at  Brussels,  held  its  meetings  from  Thursday,  August  25,  through 
Satm^y,  August  27.  On  the  printed  list  of  members  there  were  oirolled  24 
aaociations,  bureaus,  and  other  organizations;  S4  individual  libraries  and 
other  institutions;  and  160  persons  by  name,  including  duplications  on  lista 
Forty-six  countries  were  scheduled  as  in  relation  with  the  congress  or  with  the 
Institut  International  de  Bibliographic,  under  whose  auspices  this  congress 
was  held,  and  there  were  actually  present  representatives  from  at  least  16 
coontriee,  including,  besides  the  United  States,  Great  Britain,  France,  Belgium, 
the  Netherlands,  Germany,  Austria,  Russia,  Sweden,  Switzerland,  Spain,  Bul- 
garia, Denaoark,  Norway,  Monaco,  and  Turkey,  about  a  hundred  persons  being 
actually  present  at  most  of  the  meetings. 

This  congress  was  officially  opened  by  M.  Paul  Otlet,  one  of  the  secretaries. 
He  spoke  of  the  work  of  the  Institut  Int^natlonal  de  Bibliographie  in  collect- 
ing catalogue  cards  for  every  known  scientific  publication  and  their  arrange- 
ment according  to  the  Dewey  decimal  classification  ^stem ;  also  an  author's 
catalogue  arranged  alphabetically;  a  collection  of  picture  postal  cards  of 
Institutions  and  public  buildings  from  all  parts  of  the  world,  as  well  as  of 
prominent  persons,  and  a  collection  of  photographic  negatives  covering  all 
sabjecta,  from  which  prints  could  be  made,  for  persons  pursuing  a  certain  line 
of  study.  He  explained  that  by  documentation  was  meant  the  collection  and 
preserving  for  reference  of  a  series  of  newspaper  and  magazine  clippings  with 
their  illustrations.  He  referred  to  the  International  Exchange  Service  and 
mentioned  in  glowing  terms  the  work  of  the  Smithsonian  Institution  in  organ- 
ixlng  and  conducting  the  service  in  the  United  State&  The  congress  then  pro- 
ceeded to  consider  the  following  subjects: 

I.  Doctmients: 

1.  Books,  reviews,  journals; 

2.  Illustrations;  foreign  photographs; 

3.  Archives,  ancient  and  administrative. 
II.  Works  and  collections: 

1.  Editing; 

2.  Library  cataloguing. 

3.  Collections; 

4.  Encyclopedic  arrangement. 
III.  Methods: 

1.  Cards; 

2.  Rules  and  classification. 
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lY.  Service,  loan  copies  and  exchanges: 

1.  Partial,  general,  and  special; 

2.  National; 

3.  International,  special; 

4.  International,  scientiflc. 

The  subject  of  "  International  Exchanges  "  was  briefly  reviewed,  and  the  fol- 
lowing resolution  was  passed : 

It  is  desirable  to  promote  further  developments  of  international  exchange 
service,  especially  in  obtaining  frequent  di^wtch,  in  increasing  the  number  of 
countries  talcing  part  in  the  international  convention,  and  in  providing  for 
gratuitous  transmission  of  all  correspondence  relative  to  request  for  exchanges, 
to  the  receipts  for  publications  and  to  their  return.  It  is  especially  desirable  to 
admit  free  or  beneficial  associations  and  institutions  to  such  exchange. 

It  is  desirable  that  the  Smithsonian  Institution,  the  initiator  of  the  service  of 
international  exchanges,  should  itself  promote  the  revision  of  the  international 
convention  of  1885  for  the  purpose  of  realizing  these  improvements. 

The  congress  ofl3cially  visited  the  Congo  Museum  at  Tervueren  and  closed 
with  a  banquet  on  the  evening  of  August  27. 

The  Congress  of  Archivists  and  Librarians,  second  to  assemble,  but  first  in 
point  of  numbers  and  scope,  met  at  Brussels  from  Sunday,  August  28,  throoi^ 
Wednesday,  August  31,  under  the  auspices  of  the  Association  of  the  Belgian 
Archivists  and  Librarians,  M.  Louis  Stainier,  administrator-Inspector  of  the 
Royal  Library  of  Belgium,  being  the  official  in  charge  of  the  preliminary  pr^Mi- 
rations.  The  printed  list  showed  18  countries  repres^ited  by  national  com- 
missions (with  especial  reference  to  archives),  12  countries  represented  by  otf^ 
cial  delegates,  delegations  from  9  Belgian  learned  societies,  49  lU^raries  and 
other  institutions  entered  on  the  registry  and  389  individual  names,  these  last, 
of  course,  represmiting  the  personnel  of  the  representative  del^^tions  as  well  as 
individual  membera  These  389  enrolled  participants  represented  21  different 
countries,  including,  besides  the  United  States,  E^ngland,  Canada,  Germany, 
France,  Belgium,  Holland,  Austria,  Hungary,  Spain,  Switz^land,  Portugal,  Rus- 
sia, Italy,  Brazil,  Cuba,  Doimark,  Sweden  Norway,  Luxemburg,  and  Monaco. 

This  congress  was  convened  on  the  afternoon  of  the  28th  of  August  with 
addresses  of  welcome,  and  immediately  divided  into  two  sections,  the  archivists 
and  the  librarians,  which  held  separate  meetings.  My  time  was  largely  de- 
voted to  the  library  section,  and  the  discussions  r^athig  particularly  to  library 
methods  included  cataloguing,  classification,  and  the  placing  of  books  upon  the 
shelves.  My  paper  on  the  International  Exchange  Service,  having  been  printed 
in  advance  and  distributed,  was  read  by  title.    This  paper  is  as  follows : 

There  is  no  more  important  subject  to  be  discussed  at  the  Congrds  Inter- 
national des  Archivistes  et  des  Blbliothecaires  than  that  of  the  international 
exchanges,  as  the  value  of  that  service  to  libraries  can  not  be  overestimated. 
The  time  has  come  when  the  scientific  and  learned  institutions,  the  public,  the. 
research  workers,  and  the  students  of  literature  demand  the  scientific  and 
literary  publications  of  the  world. 

Considering  the  question  "Dans  quel  sens  a-t-il  lieu  de  r^rganiser  et 
d'^tendre  le  service  des  ^changes  Internationa ux "  from  an  American  point  of 
view,  it  does  not  appear  that  reorganization  is  what  is  needed,  for  a  system 
of  international  exchanges  working  with  the  hearty  cooperation  of  all  nations 
has  not  yet  ever  been  developed  on  the  lines  of  the  existing  conventions. 

The  present  international  exchange  service  is  operating  under  two  conven- 
tions made  between  certain  powers,  and  the  work  is  based  upon  them.  One 
of  these,  signed  at  Brussels  in  1886  and  officially  proclaimed  in  1889.  made 
pro\islon  for  the  exchange  of  official  documents  and  scientific  and  literal^ 
publications.  The  other,  which  was  concluded  and  proclaimed  at  the  same 
time,  provided  for  the  immediate  exchange  of  the  official  journal,  as  well  as 
of  the  parliamentary  annals  and  documents  of  the  contracting  parties.    The 
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eoBirmUons  w^re  broadly  worded  and  allowed  for  tbe  adberoice  of  other 

states  than  those  that  beeame  signatories  at  the  time  The  signers  were  the 
plaiipotentiaries  of  the  United  States  of  America,  Bel^um,  Brazil,  Italy,  Porta* 
gal  and  the  Algarves,  Servia,  Spain,  and  the  Swiss  Ck>nfederation.  Later  the 
Argratine  Republic,  Paraguay,  and  Uragnay  signified  their  adh^r^ice,  while 
Bolivia,  Chile,  Ck>lombia,  Costa  Rica,  France,  Liberia,  the  Netherlands,  New 
South  Wales,  Peru,  Queensland,  and  Russia  have  established  international 
exdiange  bureaus  without,  however,  giving  their  formal  adherence  to  the  con- 
veQtion&  From  this  It  will  be  seen  that  there  are  eleven  states  that  have 
adhered  to  the  conventions  and  an  equal  number  that  have  established  bureaus 
without  adherence,  while  Great  Britain,  Germany,  and  the  other  countries 
contribute  no  funds  toward  the  organisation  of  this  movement. 

It  is  therefore  obvious  that  under  the  existing  conditions  It  is  not  reorganiza- 
tiOQ  but  organization  that  is  needed,  and  this  may  readily  be  accomplished  under 
the  conventions  now  in  force,  as  they  form  a  firm  foundation  for  a  great 
International  institutlcm.  The  provisions  in  these  conventions  made  twenty 
fears  ago  may  need  revision  In  order  to  conform  to  recent  international  advance- 
ment, and  It  Is  possible  that  the  powers  that  have  already  agreed  to  the  con- 
ventions and  lent  their  support  might  be  willing  to  reopen  them,  provided 
that  the  powers  that  have  not  come  in  are  willing  to  join  in  the  organization 
of  an  international  exchange  service. 

The  international  exchanges  as  now  carried  on  are  of  two  classes — scientific 
and  literary  publications  and  ofilcial  Government  publications.  Tbe  first 
named  of  these  is  of  the  utmost  Importance  to  the  cause  of  education,  both 
scholastic  and  technical,  which  the  present  service  has  materially  advanced 
by  aiabling  individuals  and  institutions  of  learning  to  disseminate  knowledge 
without  restriction  and  practically  without  cost  to  themselvea  Tbe  scientific 
institutions  are  appreciating  more  and  more  the  fact  that  their  endowments  are 
entirely  inadequate  to  provide  for  the  many  calls  made  upon  them,  and  if 
In  addition  to  printing  their  own  publications  they  should  have  to  purchase 
tlioee  of  foreign  institutions  and  pay  the  cost  of  transiX)rtation  it  would  mean 
tliat  some  part  of  their  work  would  have  to  be  abandoned.  It  Is  therefore  to  a 
system  of  International  exchanges  that  they  must  look  for  relief  in  this  matter. 

The  Government  exchanges  are  necessary  In  order  that  Governments  may 
ascertain  what  is  being  accomplished  along  similar  lines  In  other  countries, 
and  as  such  publications  are  Issued  at  the  exp^ise  of  the  Governments  they 
should  also  be  distributed  at  their  expense. 

The  International  Exchange  Service  of  the  United  States  Is  under  the  direc- 
tion of  the  Smithsonian  Institution,  and  was  originally  inaugurated  for  the 
purpose  of  transmitting  publications  presented  by  institutions  and  individuals 
in  the  United  States  to  correspondents  abroad,  in  exchange  for  like  contribu- 
tions from  such  recipients,  as  one  of  the  most  efficient  means  for  the  **  diffusion 
of  knowledge  among  men,**  and  the  entire  expense,  including  that  for  the 
exchange  of  documents  published  by  the  Government  from  1850  to  1881,  was 
paid  from  the  private  funds  of  the  Institution. 

Through  the  action  of  Congress,  upon  reconmiendation  of  the  Department  of 
State,  the  Smithsonian  Institution  is  recognized  by  the  United  States  Govern- 
ment as  the  American  agency  for  the  international  exchange  of  governmental, 
scientific,  and  literary  publications.  By  the  congressional  resolutions  passed  in 
1867  and  1901  a  certain  number  of  United  States  Government  publications 
are  set  aside  for  exchange  with  those  of  foreign  countries,  to  be  sent  regularly 
to  designated  depositories.  In  accordance  with  those  resolutions  there  are 
now  forwarded  abroad  55  full  sets  of  United  States  official  publications  and 
33  partial  sets;  the  official  Journal  of  the  proceedings  of  Congress,  the 
Congressional  Becord,  is  transmitted  by  mail  daily  to  each  of  the  Parliaments 
that  is  willing  to  reciprocate. 

During  the  fiscal  year  ending  June  30,  1909,  the  number  of  packages  for- 
warded through  the  international  exchanges  of  the  United  States  amounted 
to  228,875.  These  packages  were  sent  direct  from  this  country  to  the  one 
for  which  they  were  intended,  and  from  long  experience  this  has  been  found 
to  be  the  quickest  and  most  satisfactory  method.  During  the  last  year  nearly 
2,000  boxes  were  shipped  in  this  way  without  the  loss  of  a  single  consignment, 
^ipmrats  are  made  regularly  at  least  once  a  month,  should  the  sending  be 
but  one  package,  and  to  the  larger  countries  every  week. 

A  card  index  is  kept  of  all  correspondents,  and  upon  these  cards  are 
recorded  the  luickages  sent  and  received  by  each  institution  and  individual. 
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There  are  now  in  the  United  States  3,000  iDStitntionfl  and  8,000  indlTidnals 
recorded  in  this  index,  while  the  foreign  institutions  number  16,500  and  indi- 
viduals 34,232.  A  list  of  the  foreign  societies  and  institutions  is  published 
from  time  to  time  under  the  title  of  "  International  excliange  list,"  the  latest 
issue  being  that  of  1904. 

The  public  documaits  received  from  abroad  in  exchange  are  placed  in  the 
Library  of  Congress.  The  publications  received  from  the  sdentiflc  and  learned 
societies  and  institutions  of  the  world  form  an  important  part  of  the  Library 
of  the  Smithsonian  Institution,  and  while  these  remain  the  property  of  tlie 
Institution  they  are  in  great  part  deposited  in  the  Library  of  Congress. 

The  needs  of  the  international  exchanges  under  present  conditions  may  be 
summarized  as  follows:  The  adherence  of  all  the  civilized  nations  of  the 
world  to  the  present  conventions.  The  members  of  the  Congress  of  Archivists 
and  Librarians  can  do  much  to  further  the  naovement  by  lending  their  ^cnrts 
to  arouse  the  interest  of  the  scientific  and  literary  institutions  and  societies 
and  goverumental  authorities  in  their  respective  countries,  to  the  end  tliat 
official  action  may  be  taken.  The  scientific  institutions  and  societies  of  each 
country  should  examine  the  workings  of  the  international  exchange  syst^n 
and  solicit  exchange  of  publicaticHis  from  like  societies  abroad,  using  the 
service  as  a  medium  of  transmission. 

Governmeuts  should  provide  a  sufficient  number  of  sets  of  their  official 
publications  for  exchange  purposes  in  order  that  each  country  may  have  a 
full  Fet  if  desired,  and  in  addition  there  should  be  copies  of  the  official  Journals 
of  the  Parliaments,  or  similar  bodies,  for  the  interparliamentary  exclianges. 

Bureaus  already  established,  as  well  as  those  to  be  established,  should  be 
granted  an  appropriation  that  will  allow  the  carrying  out  in  full  of  the  stipu- 
lations of  the  conventions.  A  well-paid  and  energetic  staff  with  a  well-equipped 
office  would  insure  expeditious  work  and  prompt  delivery.  The  present  facilities 
for  rapid  transportation  would  be  greatly  increased  by  each  international 
exchange  office  tiaving  the  franking  privil^e,  such  as  is  allowed  in  the  United 
States,  and  the  granting  of  special  concessions  by  the  postal  authorities,  through 
the  International  Postal  Union,  which  could  possibly  be  arranged  should  every 
nation  become  a  party  to  the  present  conventions. 

The  international  exchanges  should  be  ext^ided  to  every  quarter  of  the 
globe,  and  efforts  should  be  made  to  bring  the  powers  to  realize  the  necessity 
of  perfecting  an  institution  already  established  which  has  for  Its  object  the 
"  increase  and  diffusion  of  knowledge  among  men." 

I  gave  a  r0sum6  of  the  contents  of  the  above  paper  and  was  asked  for  some 
resolution  which  could  be  passed  by  the  congress  incorporating  a  suggestion  c<m- 
tained  in  the  paper  "  that  the  meml>ers  of  the  Congress  of  Archivists  and  Li- 
brarians could  do  much  to  further  the  movement  by  lending  their  efforts  to 
arouse  the  interest  of  the  scientific  and  literary  institutions  and  societies  and 
governmental  authorities  in  their  respective  countries,  to  the  end  that  official 
action  may  be  taken." 

The  resolution  was  presented  in  English,  translated  into  French,  and  again 
translated  into  English,  and  appears  as  follows  in  the  Library  Journal : 

That  the  scientific  and  literary  institutions,  as  well  as  the  governmental  au- 
thorities of  all  countries*  should  unite  their  efforts  to  obtain  the  official  pro- 
vision for  international  exchanges. — VI.  Q.  7.  International  Exchanges  (Paul 
Brockett,  Washington). 

Regarding  the  use  of  the  exchange  service  by  private  institutions,  M.  Langlois» 
Biblloth^aire-en-chef  de  Flnstitut  Catholique,  of  Paris,  having  experienced  some 
difficulty  in  siding  packages  from  France,  presented  the  following  resolution : 

Ttiat  the  international  exchanges  should  be  accorded,  liberally  and  in  the  in- 
terest of  all  workers,  to  establishments  of  private  initiative  (libraries  of  free  In- 
stitutions and  learned  societies),  which  conform  to  the  general  regulations  and 
provide  reciprocity.—- VII.  Q.  7.  (M.  Langlois,  Paris^  as  amended  by  M.  Gros- 
Jean,  Bruxelles.) 
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1  liad  with  me  a  oc^  of  Article  VII  of  the  conyentioiui  of  1886,  in  both 
English  and  Freich,  which  was  read: 

AST.  Vn.  The  bareauB  of  exchange  will  serre,  in  an  official  capacity,  as  in- 
termediaries between  the  learned  bodies  and  literary  and  scientiflc  societies, 
etc^  of  the  contracting  States  for  the  reception  and  transmission  of  their  pub- 
Ucationa 

It  remains,  however,  well  understood  that,  in  sach  case,  the  duty  of  the 
Irareaus  of  exchange  will  be  confined  to  the  free  transmission  of  the  works 
exchanged,  and  that  these  bureaus  will  not  in  any  manner  take  the  initiative 
to  bring  about  the  establishment  of  soeh,  relations. 

One  more  resolution  was  presented : 

That  the  service  of  international  exchanges  should  be  devdoped  in  the  most 
complete  manner  in  the  participating  countries,  and  that  like  organisations 
should  be  created  in  the  other  State&— VIII.  Q.  7.     (M.  Sury,  Bruxelles.) 

In  connection  with  attending  this  ccMigress  pennisslon  was  given  me  to  visit 
Uie  principal  libraries  of  London,  Paris,  and  Berlin,  and  observations  were 
made  and  are  contained  in  a  series  of  notes  taken  down  ^t  the  time  for  refer- 
ence in  the  Smithsonian  Library.  When  the  libraries  were  closed,  I  occupied 
my  time  in  visiting  the  museums,  taking  notes  of  methods,  etc. 
Bespectfnlly  submitted. 

Paul  Bbookstt, 

AMiisiant  Librarian. 

Dr.  Chables  D.  Waixxxtt, 

Secretary  of  the  Bmithaonian  Institution, 
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REPORT  OF  THE  EXECUTIVE  COMMinEE  OF  THE  BOARD  OF 
REGENTS  OF  THE  SMITHSONIAN  INSTITUTION  FOR  THE  YEAR 
ENDING  JUNE  30, 1911. 

To  the  Board  of  Regents  of  the  Smithsonian  Institution: 

Your  executive  committee  respectfully  submits  the  following 
report  in  relation  to  the  funds,  receipts,  and  disbursements  of  the 
Institution,  and  a  statement  of  the  appropriations  by  Congress  for 
the  National  Museum,  the  International  Exchanges,  the  Bureau  of 
American  Ethnology,  the  National  Zoological  Pkrk,  the  Astrophysi- 
cal  Observatory,  and  the  International  Catalogue  of  Scientific  Lit- 
erature for  the  year  ending  June  30,  1911,  together  with  balances  of 
previous  appropriations. 

SMITHSONIAN  INSTITUTION. 

Condition  of  the  fund  July  i,  1911. 

The  permanent  fund  of  the  Institution  and  the  sources  from  which 
it  has  been  derived  are  as  follows : 

DEPOSITED  IN    THE   TBEASUBT   OP   THE   UNITED   8TATE8. 

Bequest  of  Smlthson,  1846 $515,169.00 

Residuary  lej?acy  of  Smlthson,  1867 26,210.63 

Deposit  from  savings  of  income,  186t 108,620.37 

Bequest  of  James  HamUton,  1875 $1,000.00 

Accumulated  interest  on  Hamilton  fund,  1896 1, 000. 00 

2. 000. 00 

Bequest  of  Simeon  Habel.  1880 500.00 

Deposits  from  proceeds  of  sale  of  bonds,  1881 51, 500. 00 

Gift  of  Thomas  G.  Hodgkins,  1891 200,000.00 

Part  of  residuary  legacy  of  Thomas  G.  Hodgkins,  1894 8,000.00 

Deposit  from  savings  of  income,  1903 25,000.00 

Kesiduary  legacy  of  Thomas  G.  Hodgkins 7,9ia69 

O^otal  amount  of  fund  in  the  United  States  Treasury 944, 9ia  69 

OTHER  BE80UBCES. 

Uegistered  and  guaranteed  bonds  of  the  West  Shore  Railroad  Co., 
part  of  legacy  of  Thomas  G.  Hodgkins  (par  value) >_      42,000.00 

Total   permanent   fund 986,91^69 

Also  four  small  pieces  of  real  estate  bequeathed  by  Robert  Stanton  Avery,  of 
Washington,  D.  C. 
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That  part  of  the  fund  deposited  in  the  Treasury  of  the  United 
States  bears  interest  at  6  per  cent  per  annum,  under  the  provisions  of 
the  act  of  Congress  of  August  10,  1846,  organizing  the  Institution, 
and  the  act  approved  March  12,  1894.  The  rate  of  interest  on  the 
West  Shore  Bailroad  bcmds  is  4  per  cent  per  annum.  The  real  estate 
receiyed  from  Eobert  Stanton  Avery  is  exempt  from  taxation  and 
yidds  only  a  nominal  revenue  from  rentals. 

Stvtement  of  receipts  and  disbursetnenis  from  July  i,  1910,  to  June  90,  1911, 

BECEIPTS. 

Cash  on  deposit  July  1,  1910 $35,364.88 

Interest  on  fond  d^[X)6ited  In  United  States  Treasury 

doe  Jnly  1,  1910.  and  Jan.  1,  1911 $56, 695. 12 

Interest  on  West  Shore  Railroad  bonds  due  Jaly  1,  1910, 

and  Jan.  1,  1911 1,680.00 

Repayments,  rentals,  publications,  etc 10, 541. 75 

Contributions  from  various  sources  for  specific  purposes.    14, 518. 43 

83,435.30 


118, 800. 18 


DISBUBSEMEITTS. 

Buildings,  care  and  repairs 5, 675. 55 

Pomitnre  and  fixtures—- 943. 09 

General  expenses: 

Salaries $16,453. 13 

Meetings 230. 00 

Stationery 916.40 

Postage,  t^egraph,  and  telephone 738. 45 

Freight 105. 35 

Incidentals 787. 35 

Garage 5, 578. 75      , 

Fael  and  lights 213.94 

25,023.37 

Library 2, 847. 14 

Poblications  and  their  distribution : 

Miscellaneous   collections 5, 295. 95 

CJontributions  to  knowledge 230.00 

Reports . 640. 10 

Special  publlcaUons 381. 16 

PubUcation  supplies 261. 88 

Salaries 6, 079. 31 

Alaska  Series 8, 149. 87 

16,038.27 

Explorations,  researches,  and  collections 19,169.17 

Hod^ins  specific  fund,  researches  and  publications 6, 127. 16 

International   Exchanges 4,868.41 

Legal  expenses ^'  ^^-  ^ 
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GaUery  of  Art 131.60 

Advances  for  field  expenses 4,450.76 

Apparatus 200.00 

86,374. 52 
Balance  June  30.  1911,  deposited  with  the  Treasurer  of  the  United 

States 32. 42a  66 


118,800.18 


By  authority,  your  executive  committee  again  employed  Mr. 
William  L.  Yaeger,  a  public  accountant  of  this  city,  to  audit  the 
receipts  and  disbursements  of  the  Smithsonian  Institution  during 
the  period  covered  by  this  report  The  following  certificate  of  ex- 
amination supports  the  foregoing  statement,  and  is  hereby  approved : 

Washington,  D.  C,  August  5,  1011. 
EbLEcrmTE  Ck)iiMiTTEE,  BoABD  OF  Rboents, 

SnUthwnian  Institution. 
SiBs :  I  have  examined  the  accounts  and  vouchers  of  the  Smithsonian  Institu- 
tion for  the  fiscal  year  ending  June  30,  1911,  and  certify  the  following  to  be  a 
correct  statement : 

Total  receipts $83, 435. 30 

Total  disbursements 86, 374. 62 

Excess  of  disbursements  over  receipts 2, 939. 22 

Amount  from  July  1,  1910 35,364.88 

Balance  on  hand  June  30,  1911 32,425.06 

Balance  shown  by  Treasury  statement  June  30,  1911 34,445.95 

Less  outstanding  checks 2,020.29 

True  balance  June  30,  1911 32, 425.  66 

The  vouchers  representing  payments  from  the  Smithsonian  income  during  the 
year,  each  of  which  bears  the  approval  of  the  secretary,  or,  in  his  absence,  of 
the  acting  secretary,  and  a  certificate  that  the  materials  and  services  charged 
were  applied  to  the  purposes  of  the  Institution,  have  bet»n  examined  In  connec- 
tion with  the  books  of  the  Institution  and  agree  with  them. 

(Signed)  William  L.  Yaeoeb, 

Public  Accountant  and  Auditor. 

All  moneys  received  by  the  Smithsonian  Institution  from  interest, 
sales,  refunding  of  moneys  temporarily  advanced,  or  otherwise,  are 
deposited  with  the  Treasurer  of  the  United  States  to  the  credit  of  the 
Institution,  and  all  payments  are  made  by  checks  signed  by  the 
secretary. 

The  expenditures  made  by  the  disbursing  agent  of  the  Institution 
and  audited  by  the  Auditor  for  the  State  and  Other  Departments 
are  reported  in  detail  to  Congress  and  will  be  found  in  the  printed 
document. 

Your  committee  also  presents  the  following  summary  of  appropria- 
tions for  the  fiscal  year  1911  intrusted  by  Congress  to  the  care  of  the 
Smithsonian  Institution,  balances  of  previous  appropriations  at  the 
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begiiming  of  the  fiscal  year,  and  amounts  unexpended  on  June  30, 
1911: 


Appropriations  comxxiitted  by  Congress  to  the  caro  of  the  Institution: 

Interaatianal  Exchanges,  1909 

International  Exchanges,  1910 

International  E  xchanges ,  19 11 

American  Ethnology,  1900 

American  Ethnology,  1910 

American  Ethnology,  1911 

Astrophysical  Observatory,  1900 

Astrophysical  Observatory,  1910 

Astrophysical  Observatory,  1911 

International  Catalogue,  1909 

International  Catalogue,  1910 

International  Catalogae,  1911 

Elevators,  Smithsonian  Building 

National  Museum— 

Furniture  and  fixtures,  1909 

Furniture  and  fixtures,  1910 

Furniture  and  fixtures,  1911 

Heating  and  lightfaig,  1909 

Heathig  and  lighthig,  1910 

Heathig  and  lighting,  1911 

Preservation  ofcc^ections,  1909 

PreservatioQ  of  collections,  1010 

Preservation  of  collections,  1911 

Books,  1909 

Books,  1910 

Books,  1911 

Postage,  1911 

Bnildhig  repairs,  1900 

Building  repairs,  1910 

Building  repairs,  1911 

Ren  t  of  workshops ,  1909 

Temporary  occupancy  of  Government  buildings  kft  tuberculosis  con- 
gress  

Transfer  of  Oreenough  statue  of  W  ashington 

Moving  ooQeotions  to  new  building 

Buildbog,  National  Museum 

Nattonal  Zoologiail  Park,  1909 

National  Zoological  Park,  1910 

Natkmal  Zoological  Park,  1911 


Available 

after  July  1, 

1910. 


Balance 
June  30, 191 L 


10.34 

>$a34 

6,506.23 

11.47 

32,000.00 

2,323.68 

1.15 

M.15 

3,890.50 

237.06 

42,000.00 

2,644.60 

314.50 

1306.50 

099.01 

119.42 

i3,ooaoo 

1,0G3.22 

2.97 

»2.97 

212.51 

1.71 

7.500.00 

437.12 

io,ooaoo 

946.06 

66.61 

166.61 

87,885.97 

60.20 

125,000  00 

34. 106. 16 

137. 16 

»  137. 16 

14,626.90 

3,502.42 

50,000.00 

9.658.11 

322.30 

1253.68 

23,79a  15 

8.461.84 

300,000.00 

20,623.80 

77.05 

U.75 

1,302.08 

19.56 

2,ooaoo 

608.05 

5oaoo 

26.62 

6.486.30 

15,000.  00 

.08 

15,678.92 

409.74 

24.73 

77,000.00 

13.25 

6.276.60 

116,000.00 


»26.62 

20.30 

3,613.87 

».08 

» 15,678.92 

1409.74 

»24.73 

22,902.  78 

»  13.26 

4.66 

6,680.63 


»  Carried  to  credit  of  surplus  fund. 

Siatement  of  income  from  the  Smithsonian  fund  and  other  revenues,  accrued 
and  prospective,  available  during  the  fiscal  year  ending  June  SO,  1912, 

Balance  June  30,  1911 $32,425.66 

Interest  on  fund  deposited  in  United  States  Treasury, 

due  July  1,  1911,  and  Jan.  1,  1912 $56,605.00 

Interest  on  West  Shore  R.  R.  bonds,  due  July  1,  1911, 

and  Jan.  1,  1912 1,680.00 

Exchange  repayments,  sale  of  publications,  rentals,  etc      8, 562. 48 

Deposits  for  specific  purposes J 12, 000. 00 

78,937.48 

Total  available  for  year  ending  June  30,  1912 111,363.14 

Respectfully  submitted. 

A.  O.  Bacon, 

Alexander  Graham  Bell, 

John  Dalzell, 

Executive  Com/mittee. 
Washington,  D.  C,  December  5,  1911. 
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At  a  meeting  of  the  Board  of  Regents  held  December  14,  1909,  the 
following  resolution  was  adopted : 

Resolved,  That  hereafter  the  Board  of  Regents  of  the  Smithfloninn  Institu- 
tion shall  hold  their  annual  meeting  on  the  second  Thursday  in  December  and 
a  supplementary  meeting  on  the  second  Thursday  in  February. 

In  accordance  with  this  resolution  the  board  met  at  10  o'clock 
a.  m.,  on  December  8, 1910,  and  on  February  9, 1911. 

ANNUAL  MEETING,  DECEMBEB  8,   1910. 

Present:  The  Hon.  James  S.  Sherman,  Vice  President  of  the 
United  States;  the  Hon.  John  M.  Harlan,  presiding  Justice  of  the 
United  States  Supreme  Court ;  Senator  S.  M.  CuUom ;  Senator  Henry 
Cabot  Lodge;  Senator  A.  O.  Bacon;  Representative  John  Dalzell; 
Representative  James  R.  Mann ;  Representative  William  M.  Howard ; 
Dr.  Andrew  D.  White ;  the  Hon.  John  B.  Henderson ;  Mr.  Charles  F. 
Choate,  jr. ;  and  the  secretary,  Mr.  Charles  D.  Walcott. 

The  meeting  was  called  to  order  by  the  Vice  President. 

DEATH  OF  THE  CHANCELLOR. 

The  secretary  announced  the  death  of  the  chancellor  of  the  Smith- 
sonian Institution,  Melville  Weston  Fuller,  Chief  Justice  of  the 
United  States,  which  occurred  at  Sorrento,  Maine,  on  July  4, 1910. 

The  intelligence  of  this  sad  event  was  received  at  the  Institution  in 
the  absence  of  the  secretary,  and  Mr.  Richard  Rathbun,  the  acting 
secretary,  sent  a  telegram  of  condolence,  both  official  and  personal,  to 
Mrs.  Nathaniel  Francis,  w6o  was  with  her  father  at  the  time  of  his 
death.  Mr.  Rathbun  attended  the  obsequies  at  Sorrento  as  the  repre- 
sentative of  the  Institution,  and  accompanied  the  funeral  party  to 
Chicago,  where  interment  took  place  on  July  8. 

The  secretary  stated  that  the  advice  and  suggestions  of  the  chan- 
cellor in  relation  to  matters  affecting  the  Institution  that  were 
brought  to  his  attention  had  always  been  most  helpful.  He  added 
that  he  had  enjoyed  a  personal  acquaintance  with  the  chancellor  that 
had  extended  over  20  yejirs,  and  that  it  was  with  a  deep  sense  of  the 
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loss  sustained  by  the  Institution  as  well  as  by  himself  personally  that 
he  formally  announced  his  death  to  the  Board  of  Regents. 

Senator  Bacon  then  presented  the  following  resolutions,  which  on 
motion,  were  adopted : 

Wbereas  the  Board  of  Begents  of  the  Smithaopian  Institution  have  received 
the  sad  intelllg«ice  of  the  death,  on  July  4,  1910,  of  MelviUe  Weston  FuUer, 
Chief  Justice  of  the  United  States,  and  for  22  years  chancellor  of  the  Institu- 
tion ;  therefore  be  It 

Resolvedf  That  we  desire  here  to  record  our  profound  sorrow  at  the  sever- 
ing of  the  tie  that  has  bound  us  to  him  for  so  long  a  period  of  honored  service ; 
tiiat  we  feel  keenly  the  loss  of  a  wise  presiding  officer,  whose  vast  store  of 
Isaming  and  gracious  dignity  have  proved  so  invaluable  in  the  deliberations 
of  this  board,  and  who^  loyal  interest  in  the  Smithsonian  Institution  has  beoi 
A  loarce  of  inspiration  to  his  colleagues. 

Re9oti>ed,  That  we  share  in  the  grief  of  the  nation  at  the  passing  away  of 
one  who  was  at  once  a  distinguished  leader  of  the  greatest  legal  tribunal  of  our 
land,  an  eminent  Jurist,  a  patriotic  cltisen,  a  shining  example  of  Christian 
goitleness,  and  who  also  possessed  so  charming  a  personality  as  a  man  and  as 
a  friend. 

Betolved,  That  we  respectfuUy  toider  to  the  members  of  the  family  of  our 
late  associate  our  slncerest  sympathy  in  their  great  bereavement. 

Resolved,  That  an  engrossed  copy  of  these  resolutions  be  transmitted  to  the 
family  of  the  late  chancellor. 

ELECTION  OF  CHANCELLOR. 

The  chairman  announced  as  the  next  business  in  order  the  elec- 
tion of  a  chancellor  to  succeed  the  late  Chief  Justice  Fuller. 
Senator  Lodge  moved — 

That  the  Vice  President  of  the  United  States  be  elected  chancellor  of  the 
Smithsonian  Institution. 

Senator  Lodge  put  the  question,  and,  there  being  a  unanimous 
vote  in  the  affirmative,  announced  that  the  Vice  President  was  duly 

elected. 

RESOLUTION   RELATIVE   TO    INCOME  AND   EXPENDITURE. 

Senator  Henderson,  chairman  of  the  executive  committee,  pre- 
sented the  following  customary  resolution,  which  was  adopted : 

Re90lv€d,  That  the  incoine  of  the  Institution  for  the  fiscal  year  ending  June 
30, 1912,  be  appropriated  for  the  service  of  the  Institution,  to  be  expended  by 
the  secretary,  with  the  adTlce  of  the  executive  committee,  with  full  discretion 
on  the  part  of  the  secretary  as  to  Items. 

ANNUAL  REPORT  OF  THE  EXECUTIVE  COMMITTEE. 

Senator  Henderson  submitted  the  report  of  the  executive  com- 
mittee for  the  fiscal  year  ending  June  30,  1910,  stating  that  the 
members  of  the  board  had  already  been  supplied  with  copies  in 
printed  form. 

On  motion  the  report  was  adopted. 
387340_aM  1911 7 
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ANNUAL  REPORT  OF  THE  PERMANENT  OOMMITTBB. 

Senator  Henderson  presented  the  following  report : 

To  the  Board  of  RegetU»  of  the  Smithsonian  Institution: 

Gentlemen:  The  only  matter  of  tinfinlshed  bnsiness  in  tbe  hands  of  this 
committee  is  the  Andrews  will  case.  A  report  upon  the  case  was  made  to  the 
board  at  the  meeting  of  Febmary  10,  1910,  which  after  discussion  was  referred 
back  to  the  committee  with  i)ower  to  act 

As  a  result  of  a  very  thorough  consideration  of  the  matter,  it  is  recom- 
molded  by  the  committee  that  all  proceedings  in  the  Andrews  will  case  be 
dropped. 

John  B.  Hendebson,  Chairman. 

On  motion  the  report  of  the  permanent  committee  was  adopted. 

ANNUAL  REPORT  OF  THE  SECRETARY. 

The  secretary  stated  that  his  report  for  the  year  ending  June  30, 
1910,  had  been  printed  and  sent  to  the  members  of  the  board. 

Delay  in  formal  opening  of  ths  new  building  for  the  National 
Museum. — ^The  secretary  said  that  on  account  of  the  nondelivery  of 
cases  it  had  been  impossible  to  install  the  exhibition  series  in  time  for 
the  opening  of  the  building  before  the  present  Congress  adjourned. 
In  view  of  this  and  of  the  great  desirability  of  first  having  the  com- 
plete exhibition  series  thoroughly  installed  and  the  entire  building  in 
condition  for  critical  inspection  he  had  thought  it  best  to  postpone 
the  formal  opening  until  later.  In  the  meantime  the  collections  in 
cases  were  so  arranged  as  to  be  viewed  by  visitors. 

Additions  to  art  collections. — The  secretary  remarked  further  that 
Mr.  William  T.  Evans  had  presented  32  more  paintings  to  the  col- 
lections illustrating  the  work  of  American  artists,  and  that  he  under- 
stood that  Mr.  Evans  contemplated  assembling  also  a  collection  illus- 
trative of  wood  engraving,  an  art  which,  because  of  the  development 
of  the  various  photo-engraving  processes,  had  practically  fallen  into 
disuse. 

He  added  that  Mr.  Charles  L.  Freer  had  returned  to  China  for  the 
purpose  of  enlarging  his  great  collection  illustrating  the  early  devel- 
opment of  Chinese  art,  all  of  which  it  was  expected  would  come  to 
the  Institution.  Many  of  these  articles  were  exceedingly  rare  and 
very  difficult  to  obtain,  and  the  Institution  would  be  most  fortunate 
in  securing  them. 

Simthsonian  African  expedition. — The  secretary  stated  that  Col. 
Eoosevelt's  final  account  of  the  expedition  would  be  found  in  the 
secretary's  report  to  the  board.  This,  however,  gave  the  scientific 
results  of  the  expedition  in  general  terms  only.  He  would  state  that 
the  total  amount  subscribed  for  the  expedition  was  $51,700,  and  that 
the  expenditures  to  date  amounted  to  $48,353.09,  leaving  a  balance  of 
$3,346.91,  which  was  being  held  for  expenditures  necessary  to  the 
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completion  of  the  final  reports  on  the  expedition  being  prepared  by 
the  Smithsonian  members  of  the  party. 

The  secretary  added  that  the  collections  were  being  permanently 
arranged  by  the  experts  of  the  National  Museum.  It  was  intended 
to  mount  certain  of  the  animals  in  groups,  with  accessories,  so  as  to 
show  their  environment  and  habits. 

On  motion  the  secretary's  report  was  accepted. 

LANGLBY  MEMORIAL  TABLET. 

Senator  Lodge,  chairman  of  the  committee  on  the  Langley  me- 
morial tablet,  reported  that  the  desire  of  the  board  that  this  tablet 
diould  commemorate  the  work  of  Mr.  Langley  in  aerial  navigation 
had  been  carried  ont  in  a  design  representing  him  as  seated,  engaged 
in  a  profound  study  of  the  great  problem.  The  committee  had  en- 
tered into  an  arrangement  with  a  New  York  sculptor  to  design  a 
tablet  4  feet  6  inches  high  by  2  feet  5  inches  wide.  It  had  been  ex- 
pected that  the  model  could  be  exhibited  at  this  meeting,  but  a  letter 
Iiad  been  received  from  the  artist  stating  that  an  accident  to  the 
model  necessitated  the  working  over  of  a  large  portion  of  it,  and 
therefore  it  could  not  be  submitted  at  this  meeting. 

BIOLOGICAL  SURVEY  OF  THE  PANAMA   ZONE. 

The  secretary  stated  that  the  plan  for  a  biological  survey  of  the 
Panama  Canal  Zone,  under  the  direction  of  the  Smithsonian  Insti- 
tution, was  described  in  his  annual  report,  which  had  already  been 
distributed  to  the  Begents. 

Smce  the  preparation  of  the  report,  a  letter  had  been  written  to 
the  President  outlining  the  plan,  and  asking  if  it  would  meet  his 
approval  if  cooperation  were  asked  of  the  Isthmian  Canal  Com- 
mission of  the  War  Department,  the  Bureau  of  Fisheries  of  the  De- 
partment of  Commerce  and  Labor,  and  the  Biological  Survey  and 
Bureaus  of  Entomology  and  Plant  Industry  of  the  Department  of 
Agriculture.  The  President  gave  his  approval  and  authorized  the 
secretary  to  conunimicate  with  the  departments  mentioned,  which  was 
done.  All  have  signified  their  desire  to  cooperate  and  have  assigned 
experts  to  aid  in  the  work.  The  estimated  cost  of  the  survey  which 
would  have  to  be  met  by  the  Institution  is  $11,000,  of  which  $6,750 
has  been  subscribed. 

For  several  years  American  and  foreign  naturalists  have  been 
asking  that  a  biological  survey  of  the  Canal  Zone  be  undertaken, 
and  various  attempts  have  been  made  to  arrange  for  such  a  work. 
The  only  plan  that  had  materialized  was  one  by  the  Field  Museum 
of  Natural  History,  Chicago,  for  the  collection  and  study  of  the  fishes 
of  the  Canal  Zone.  By  agreement,  this  work  will  now  be  carried.on 
in  conjunction  with  t)iat  of  the  Smithsonian  Expedition. 
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In  answer  to  Senator  Bacon's  inquiry  as  to  the  scope  of  the  work 
intended,  the  secretary  said  it  was  to  cover  studies  of  the  animal 
and  plant  life  of  the  land  and  waters  of  the  Canal  Zone.  Such  a 
survey  is  necessary  before  the  canal  is  completed,  as  it  is  believed 
that  conditions  will  be  changed  {ifter  the  canal  is  opened  to  commerce 
and  the  waters  of  the  Atlantic  Ocean  are  joined  with  those  of  the 
Pacific  The  organisms  of  the  various  watersheds  would  then  be 
offered  a  ready  means  of  mingling  together,  the  natural  barriers 
would  be  obliterated,  and  the  data  for  a  true  understanding  of  the 
fauna  and  flora  placed  beyond  reach, 

THE  HARRIMAN  TRUST  AND  GIFT. 

The  secretary  stated  that  he  was  desirous  of  establishing  at  the 
Institution  a  number  of  research  associateships.  He  wished  to  give 
exceptionally  strong  men  an  opportunity  to  do  research  work  with- 
out the  care  and  burden  of  administrative  duties,  and  with  full 
knowledge  ttiat  as  long  as  their  work  was  properly  conducted  it 
would  be  continued  and  that  in  the  event  of  incapacity  for  active 
work,  provision  would  be  made  for  them. 

As  an  illustration,  he  cited  the  case  of  Dr.  C.  Hart  Merriam,  who 
has  been  provided  for  through  the  liberality  of  Mrs.  Edward  H. 
Harriman.  He  also  mentioned  that  the  Carnegie  Institution  of 
Washington  has  a  number  of  men  engaged  in  special  fields  of  work, 
but  added  that  there  would  be  no  probability  of  duplication  of  work. 
The  Carnegie  Institution  does  not  undertake  exploratory  work  such 
as  that  of  the  African  expedition  or  the  biological  survey  of  the 
Panama  Canal  Zone.  The  field  for  scientific  investigation  is  exten- 
sive and  there  are  numerous  worthy  projects  that  can  not  be  under- 
taken because  of  lack  of  means. 

In  this  connection  the  secretary  announced  that  Dr.  Merriam's 
splendid  collection  of  American  mammals  had  been  purchased  by 
Mrs.  Harriman  for  $10,000  and  presented  to  the  Institution. 

HODGKINS  GOLD  MEDAL. 

The  secretary  called  the  attention  of  the  board  to  the  establishment 
some  years  ago  of  a  gold  medal  under  the  name  of  ^^  The  Hodgkins 
Medal  of  the  Smithsonian  Institution."  This  was  in  honor  of  Mr. 
Thomas  George  Hodgkins,  the  donor  of  the  Hodgkins  fund,  and  was 
to  be  awarded  for  exceptional  contributions  to  our  knowledge  of 
the  nature  and  properties  of  atmospheric  air,  or  for  original  and 
practical  applications  of  existing  knowledge  of  the  air  to  the  welfare 
of  mankind. 

The  first  Hodgkins  medal  was  awarded  in  1898  to  Prof.  James 
Dewar  for  his  researches  on  the  liquefaction  and  solidificaticm  of 
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atmospheric  air  and  for  his  discovery  of  the  extraordlAary  magnetic 
properties  of  liquid  oxygen.  The  second  award  of  the  medal  was 
to  Prof.  J.  J.  Thomson  in  1902  for  his  investigations  on  .tb^  conduc- 
tivity of  gases,  especially  on  the  gases  that  compose  atmospheric  air. 
It  is  now  proposed  to  award  a  third  Hodgkins  medal,  provided  it 
is  determined  that  sufficiently  meritorious  discoveries  or  investiga- 
tions of  the  character  mentioned  have  been  made,  and  in  ord^r-.to 
pass  upon  the  matter  an  advisory  committee  on  award  has  been 
appointed. 

PUBLICATION  FUND  FOR  THE  INSTITUTION. 

The  secretary  stated  that  imder  the  general  appropriation  for 
pnUic  printing  and  binding,  the  Instituti(xi  is  allotted  $10,000  for  the 
prmting  of  its  annual  reports,  but  that  its  other  publicaticms  were 
paid  for  from  private  funds  of  the  Institution. 

He  exhibited  a  set  of  the  publications  issued  by  the  Institution 
and  its  branches  during  the  past  two  years,  many  of  which  had  been 
published  at  the  cost  of  the  Institution. 

Mr.  Mann  inquired  if  the  secretary  would  like  to  have  a  larger 
edition  of  the  annual  report,  to  which  the  secretary  replied  that  it 
would  be  desirable.  Mr.  Mann  responded  that  this  might  be  possible 
by  a  special  resolution  for  any  one  year. 

There  was  some  further  discussion,  during  which  it  was  suggested 
that  it  would  be  proper  for  the  secretary  to  speak  of  the  matter  of 
in  appropriation  for  the  publications  of  Smithsonian  works  when 
he  was  before  the  Committee  on  Appropriations. 

DEATH  OF  OCTAVE  CHANUTB. 

The  secretary  recalled  to  the  board  that  when  the  committee  on 
award  of  the  Langley  medal  was  appointed,  Mr.  Octave  Chanute 
was  designated  its  chairman.  Mr.  Chanute  died  on  November  23 
last  His  eminence  as  an  engineer  and  his  own  important  work  in 
the  science  of  aeronautics  peculiarly  fitted  him  for  the  duties  of 
diairman  of  this  committee,  and  his  death  will  be  a  severe  blow  to  the 
new  science. 

The  secretary  added  that  it  seemed  best  to  defer  the  selection  of  his 
successor  as  chairman  of  the  committee  for  the  present. 

FULLER  MEMORIAL  SERVICE. 

Senator  Cullom  said  that  he  thought  some  more  formal  action 
should  be  taken  in  regard  to  the  death  of  Chief  Justice  Full^i^  than 
had  been  adopted  at  this  meeting,  and  inquired  whether  the  matter 
was  being  considered. 
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The  secret^iy -replied  that  it  had  been  his  intention  to  request 
certain  member^  of  the  board  to  prepare  sketches  of  Chief  Justice 
Fuller's  lifey^hich  might  later  be  printed  in  the  annual  report 

Senator/ Clillom  added  that  he  would  like  very  much  to  have  an 
address'dwivered  before  the  Regents  by  Justice  Harlan,  who  above 
all  ob%Qrs  was  the  most  competent  to  prepare  it 

^4^Eter*  further  discussion,  Senator  CuUom  moved — 

/•^Eibat  Mr.  Justice  Harlan  be  requested  to  deUver,  under  the  auspices  of  the 
IS^td  of  Regents,  and  at  such  time  as  will  best  suit  his  conv^ileace,  an  address 
Xlipon  the  life  and  work  of  the  late  Chief  Justice  MelvUle  W.  FuUer. 

!*•*  The  motion  was  carried,  and  Justice  Harlan  said  that  he  would 
be  glad  to  deliver  the  address  and  that  he  would  confer  with  the 
secretary  on  the  subject. 

ADJOURNMENT. 

There  being  no  further  business  to  come  before  the  board,  on  mo- 
tion the  meeting  adjourned  and  the  Regents  inspected  the  exhibit  of 
skins  and  mounted  specimens  from  the  African  expedition  collection. 

BEOULAB  MEBTINO,  FEBBUABT  9,  1911. 

Present:  The  Hon.  James  S.  Sherman,  Vice  President  of  the 
United  States  (chancellor),  in  the  chair;  the  Hon.  Edward  Douglass 
White,  Chief  Justice  of  the  United  States;  Senator  S.  M.  CuUom, 
Senator  A.  O.  Bacon,  Representative  John  Dalzell,  Representative 
James  R.  Mann,  Dr.  James  B.  Angell,  the  Hon.  John  B.  Henderson, 
the  Hon.  George  Gray,  and  the  secretary,  Mr.  Charles  D.  Walcott 

ORDER  OF  BUSINESS. 

In  accordance  with  the  previously  adopted  order  of  business,  the 
following  matters  were  next  reported  on  by  the  secretary : 

Appointment  of  Regents. — Section  5580  of  the  Revised  Statutes 
provides  that  the  Cliief  Justice  of  the  United  States  shall  be  a 
Regent  of  the  Smithsonian  Institution.  The  vacancy  in  the  office  of 
Chief  Justice  caused  by  the  death  of  Chief  Justice  Fuller  has  been 
filled  by  the  appointment  by  the  President  of  Mr.  Justice  Edward 
Douglass  White,  who  therefore,  under  the  operation  of  the  section 
named,  becomes  a  Regent  ex  officio. 

Dr.  James  B.  Angell  has  been  reappointed  for  a  term  of  six  years 
by  joint  resolution  of  Congress. 

Closing  up  of  Andrews  will  case. — ^At  the  annual  meeting  held 
Decemb^  8,  1910,  the  board  adopted  a  recommendation  of  the  per- 
manent committee  that  all  further  proceedings  in  the  Andrews  will 
case  be  dropped.  The  instructions  of  the  board  have  been  complied 
with. 
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Fuller  memorial  meeting. — It  having  appeared  to  be  the  wish  of 
the  board  at  its  annual  meeting  on  December  8  last  that  a  formal 
meeting  in  memory  of  the  late  Chief  Justice  Fuller  should  be  held 
by  the  Begents,  a  resolution  was  then  adopted  inviting  Justice  Har- 
lan to  deliver  such  an  address  on  a  suitable  occasion,  the  time  of 
which  was  to  be  left  entirely  to  his  convenience.  The  secretary  re- 
grets to  report  that  Justice  Harlan  has  written  him  to  say  that  he 
finds  himself  unable  in  the  near  future  to  comply  with  the  wishes 
of  the  board. 

After  discussion,  in  which  it  was  suggested  that  the  proposed  trib- 
ute to  the  late  chancellor  take  the  form  of  a  memorial  to  be  published 
in  the  annual  report,  the  following  resolution  was  adopted : 

Re9olv€d,  That  the  secretary  be  requested  to  prepare  a  suitable  memorial  of 
the  life  and  work  of  the  late  Chief  Justice  Melville  Weston  B^iller,  chancellor 
of  the  Smithsonian  Institution  from  1888  to  1910,  which  memorial  is  hereby  de- 
ciared  approved  for  indnsion  in  the  next  annual  report  of  the  Board  of  Regents. 

Langley  mem^orial  tablet. — ^At  the  last  meeting  of  the  board  it  was 
reported  that  the  Lan^ey  memorial  tablet  had  met  with  an  acci- 
dent and  would  have  to  be  remodeled.  This  work  of  repair  has  been 
going  on,  but  no  photograph  showing  the  present  condition  of  the 
tablet  has  been  submitted  by  the  sculptor, 

Eodghins  gold  m^dal  of  the  Institution. — ^The  committee  ap- 
pointed by  the  secretary  to  consider  whether  sufficiently  important 
investigations  into  the  phenomena  of  atmospheric  air  in  relation  to 
the  welfare  of  mankind  had  been  made  to  merit  the  award  of  the 
third  Hodgkins  gold  medal  have  reported  their  findings  with  a 
recommendation,  which  report  is  now  being  considered. 

Biological  survey  of  the  Panama  Canal  Zone. — ^The  secretary 
stated  that  the  board  would  recall  that  at  the  late  annual  meeting 
he  had  spoken  of  the  organization  of  a  biological  survey  of  the 
Panama  Canal  Zone  to  include  studies  of  the  life  of  the  land  and 
waters  of  that  region,  and  had  explained  the  necessity  for  inmiediate 
action,  as  the  opening  of  the  canal  would  mingle  the  waters  of  the 
Atlantic  and  Pacific  Oceans,  which  might  permanently  destroy  the 
possibility  of  a  true  understanding  of  the  fauna  and  flora  now 
existing  there. 

Since  that  meeting  a  party  of  naturalists  designated  to  carry  on 
the  work  has  reached  the  zone,  and  the  collections  resulting  from 
their  woA  are  already  arriving.  Those  engaged  in  the  survey  are 
the  following: 

Prof.  S.  E.  Meek,  of  the  Field  Museum  of  Natural  History ;  Prof. 
Henry  Pittier,  of  the  United  States  Bureau  of  Plant  Industry ;  Mr. 
E.  A.  Goldman,  of  the  United  States  Biological  Survey ;  Mr.  S.  F. 
Hilddbrand,  of  the  United  States  Bureau  of  Fisheries;  Mr.  E.  A. 
Schwarz  and  Mr.  August  Busck,  of  the  United  States  Bureau  of 
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Entomology;  and  Mr.  William  B.  Maxon,  of  the  United  States 
National  Museum. 

Much  interest  is  being  manifested  in  this  survey  both  hero  and  in 
the  zone.  The  Republic  of  Panama  is  so  impressed  with  the  im- 
portance of  the  work  that  it  has  invited  the  Institution  to  extend 
the  survey  into  that  country. 

The  Institution  is  indebted  to  the  Departments  of  State,  Agricul- 
ture, Commerce  and  Labor,  the  War  Department,  and  the  Panama 
Railroad  &  Steamship  Co.  for  courtesies  which  have  insured  the 
success  of  the  enterprise. 

As  previously  stated,  a  very  considerable  part  of  the  funds  neces- 
sary for  the  survey  has  been  received  by  subscription. 

Appointment  of  an  additional  assistant  secretary. — The  secretary 
called  attention  to  the  large  increase  in  the  work  of  the  Institution 
and  its  branches,  brought  about  by  the  natural  growth  of  their 
activities  and  the  addition  of  new  interests,  and  stated  that  there  was 
need  for  the  appointment  of  an  additional  assistant  secretary. 

He  desired  the  permission  of  the  board  to  appoint  to  that  position 
before  the  close  of  the  present  fiscal  year  Dr.  Frederick  William 
True,  who  entered  the  service  of  the  Institution  in  1878,  who  was 
a  zoologist  of  established  reputaticm,  and  who  was  now  head  curator 
of  the  Department  of  Biology  in  the  United  States  National  Museum. 
After  discussion,  the  following  resolution  was  adopted : 

Resolved,  That  the  proposed  appointment  by  the  secretary  of  Dr.  Frederick 
WlUiam  True  as  assistant  secretary  of  the  Smithsonian  Institution  be  approved. 

Bequest  of  George  W.  Poore. — ^The  secretary  announced  that  since 
the  annual  meeting  notice  had  been  received  that  the  Institution  had 
been  made  the  residual  legatee  of  the  late  George  W.  Poore,  of 
Lowell,  Mass.,  who  left  an  estate  estimated  to  be  $40,000,  under  the 
condition  that  the  income  from  this  sum  should  be  added  to  the  prin- 
cipal until  a  total  of  $250,000  should  have  been  reached,  and  that  then 
the  income  only  was  to  be  used  for  the  purposes  for  which  the  Insti- 
tution was  created.  The  portions  of  the  will  relating  to  the  bequest 
are  as  follows: 

Item  7.  The  large  and  small  photographs  of  myself  I  desire  given  to  the 
Smithsonian  Institute  hereinafter  mentioned ;  to  be  given  a  place  in  their  Insti- 
tute where  they  may  be  seen,  as  one  of  the  conditions  of  the  gift  to  them 
herein  made  by  me. 

Item  8.  All  the  rest,  residue,  and  remainder  of  my  estate,  real,  personal,  and 
mixed,  of  whatever  name  or  nature  and  wherever  found  or  situate,  of  which 
I  shall  die  seized,  possessed,  or  entitled,  whether  at  law  or  in  equity,  I  give, 
devise,  and  bequeath  to  the  Smithsonian  Institute,  at  Washington,  D.  0.«  but  in 
trust  nevertheless  and  upon  the  condition,  in  addition  to  the  condition  as  to 
^hotog^aphs  of  myself  as  above,  that  the  fund  realized  from  my  estate  and 
from  turning  the  real  and  personal  estate  hito  money  shall  be  h^d  for- 
ever by  said  Smithsonian  Institute  as  a  fund  to  be  called  the  Lucy  T.,  and 
Georgd  W.  Poore  fund,  and  upon  condition  that  the  income  only  of  said  fund 
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shall  be  used  for  the  purposes  ooly  for  which  said  Smithsonian  Institnte  was 
created,  said  Lucy  T.  and  George  W.  Poore  fund  to  be  l^ept  separate  from  all 
other  fmids,  and  the  Income  from  the  same  not  to  be  used  until  the  principal, 
by  accumulation  of  the  income  to  be  added  to  the  principal  from  year  to  year, 
Shan  have  reached  the  sum  of  two  hundred  and  fifty  thousand  dollars.  I  make 
fhia  gift  not  so  much  because  of  its  amount  as  because  I  hope  it  will  prove  an 
example  for  other  Americans  to  follow,  by  supporting  and  encouraging  so  wise 
and  beneficent  an  institution  as  I  believe  the  Smithsonian  Institute  to  be,  and 
yet  it  has  l)een  neglected  and  overlooked  by  American  citizens. 

The  secretary  said:  "At  my  request  the  Institution's  interestsrin 
the  matter  are  being  looked  after  by  Mr.  Choate,  of  the  Board  of 
E^nts,  who  has  assured  me  that  he  will  be  glad  to  act  as  agent  or 
attorney  for  the  Institution  without  charge." 

The  Paul  J.  Rainey  expedition  to  Africa. — ^The  secretary  said 
ikt  Mr.  Paul  J.  Eainey,  of  New  York  City,  recently  called  at  the 
Institution  and  stated  that  it  was  his  intention  to  make  a  hunting 
and  collecting  trip  in  Africa,  and  asked  if  a  man  could  be  sent  with 
him  to  prepare  the  specimens  which  he  wished  to  present  to  the 
Institution.  The  route  of  travel  was  to  be  north  of  that  of  the  recent 
Smithsonian  expedition,  through  the  country  lying  between  the 
northern  portion  of  British  East  Africa  and  the  southern  part  of 
Abyssinia.  Mr.  Eainey  agreed  to  bear  all  expenses  in  connection 
with  the  trip. 

It  was  thought  desirable  to  accept  this  offer,  as  it  was  hoped  to 
add  new  material  to  the  present  collections;  and  Mr,  Edmund 
Heller,  who  was  one  of  the  field  naturalists  on  the  Smithsonian 
expedition,  and  who  was  now  engaged  in  working  up  that  collection^ 
bd  been  authorized  to  suspend  work  upon  it  temporarily,  and  de- 
tailed to  accompany  Mr.  Eainey.  He  expected  to  sail  on  February 
18,  and  to  be  absent  about  eight  months. 

Portrait  of  Washington. — ^The  secretary  called  attention  to  a  por- 
trait of  Gen.  Washington,  which  was  hanging  in  the  room  in  which 
the  board  was  then  meeting. 

This  portrait  was  part  of  the  Lewis  collection  of  Washington 
relics  purchased  by  the  Government  in  1878  and  stored  for  a  time 
at  the  Patent  Office,  When  the  collection  was  transmitted  to  the 
National  Museum  in  1883,  the  Commisaioner  of  Patents  retained 
thla  picture,  and  it  is  only  rec<mtly  that  the  matter  came  up,  with 
the  result  that  the  portrait  was  sent  to  the  Institution  by  the  Secre- 
taiy  of  the  Interior,  Mr,  Ballinger. 

The  picture  has  been  attributed  to  Gilbert  Stuart,  but  a  careful 
inyestigation  fails  to  reveal  anything  to  substantiate  the  claim,  and 
it  is  now  recorded  as  having  been  painted  by  an  unknown  artist. 
By  swne  it  is  regarded  as  a  copy  of  an  original  painting.  Mrs.  Lewis 
had  said  that  there  was  a  tradition  in  the  family  that  this  was  con- 
sidered the  best  likeness  of  Washington  ever  painted- 
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American  Indian  memorial  and  museum  building, — It  was  stated 
by  the  secretary  that  a  request  to  Congress  to  erect  in  Washington 
an  American  Indian  memorial  and  museum  building,  under  the  con- 
trol of  the  Secretary  of  the  Interior,  had  been  embodied  in  two  iden- 
tical bills  designated  as  follows :  House  joint  resolution  274  and  S^i- 
ate  bill  9830. 

This  subject  is  one  which,  by  direction  of  Congress,  has  long  been 
fostered  by  the  Smithsonian  Institution  through  the  National 
Museum  and  the  Bureau  of  American  Ethnology,  all  material  objects 
being  deposited  in  the  former,  and  all  records  of  investigations  in 
the  latter.  The  Museum  collection  is  the  richest  in  the  world  as 
regards  the  Indians  of  North  America,  to  which  the  proposed  new 
building  is  intended  to  be  devoted.  In  extent  and  variety  the  col- 
lections of  the  National  Museum  are  not  what  they  might  and  should 
be,  but  this  is  due  to  the  fact  that  appropriations  sufficient  to  perfect 
these  collections  have  never  been  obtainable. 

The  founding  of  a  new  museum,  especially  under  the  proposed 
auspices,  could  only  result  in  the  partial  duplication  of  objects  and 
records  and  in  an  increase  in  the  cost  of  bringing  together  a  proper 
representation  of  the  North  American  Indians.  Should  Congress 
take  any  action  in  this  matter,  it  would  seem  desirable  that  it  be 
directed  toward  giving  increased  funds  for  the  use  of  the  Institution 
and  Museum.  If  the  movement  is  one  tending  to  bring  individual 
help  from  different  parts  of  the  country,  such  cooperation  could  best 
be  turned  toward  increasing  the  present  collections,  which  are  already 
extensive  and  important. 

Commercial  museum. — ^The  subject  of  establishing  at  the  National 
Capital  a  trade  or  commercial  museum  to  be  maintained  at  the  ex- 
pense of  the  Government  has  been  recently  agitated  in  connection 
with  the  Board  of  Trade  of  Washington.  While  no  bill  in  support 
of  such  a  measure  has  been  submitted  to  Congress  as  yet,  it  is  appar- 
ently the  intention  to  request  congressional  action  in  connection  with 
any  celebration  which  may  be  held  here  in  commemoration  of  the 
completion  of  the  Panama  Canal. 

While  such  a  museum  would  follow  lines  in  large  part  not  included 
in  the  plan  of  the  National  Museum,  yet  in  some  respects  the  tendency 
would  be  to  duplicate  its  collections. 

It  would,  furthermore,  appear  to  those  who  have  given  the  matter 
consideration  that  Washington  is  not  the  proper  place  for  the  loca- 
tion of  a  museum  of  this  kind.  It  should  be  established  and  con- 
ducted in  a  large  commercial  center  like  New  York  City. 

Prehistoric  ruins. — ^The  secretary  exhibited  a  number  of  photo- 
graphs showing  the  excavations  among  prehistoric  cliff  dwellings 
and  pueblo  ruins  in  New  Mexico  resulting  from  the  joint  work  of 
the  Bureau  of  American  Ethnology  and  the  Archeological  Institute 
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of  America.  In  one  canyon  in  which  these  excavations  were  con- 
ducted the  cliff  dwdlings  extend  along  the  wall  of  the  canyon  tor 
about  2  miles,  while  in  another  locality  in  the  same  general  region 
one  of  the  many  pueblo  ruins  covers  an  area  of  about  600  feet  square. 
Other  photographs  were  presented  showing  the  excavation  and  re- 
pair of  the  celebrated  Balcony  House  in  southern  Colorado,  conducted 
under  the  joint  auspices  of  the  Smithsonian  Institution  and  the  Colo- 
rado Cliff  Dwellers  Association.  Excavations  were  made  also  in 
newly  discovered  cliff  dwellings  and  other  archeological  remains  in 
northwestern  Arizona* 

Field  work  has  been  conducted  by  the  Bureau  of  American  Eth- 
nology am<Mig  the  tribes  which  composed  the  Creek  Confederacy  of 
the  Southern  States ;  the  Tewa  Indians  of  the  Rio  Grande  Valley, 
New  Mexico;  the  Winnebago  Indians  of  Wisconsin  and  Nebraska; 
the  Pi^fan,  Blackfeet,  Cheyenne,  and  Menominee  Indians  of  the 
Algonquian  family ;  the  Chippewa  Indians,  especially  with  reference 
to  their  music;  the  Osage  Indians,  now  in  Oklahoma,  and  the  Iro- 
quois in  New  York.  A  study  of  the  past  and  present  population  of 
the  Indians,  with  the  various  causes  of  their  decrease,  is  being  con- 
dacted,  and  a  bibliography  of  the  Hawaiian  Islands  is  in  prepa- 
ration. 

Rmgnation  of  Senator  Henderson. — Senator  Henderson  stated 
that  he  had  served  the  Institution  as  a  Regent  for  19  years,  but  that 
he  had  now  reluctantly  come  to  the  conclusion  that  it  was  neces- 
sary to  relieve  himself  of  all  possible  work,  as  the  condition  of  his 
health  would  not  permit  him  to  continue  his  duties  with  satisfaction 
to  himself  and  justice  to  the  Institution.  He  therefore  desired  to 
tender  his  resignation  as  a  Regent  to  take  effect  at  such  time  as  would 
best  suit  the  board's  convenience. 

After  discussion,  the  Senator  first  submitted  his  resignation  as  a 
m^nber  of  the  executive  committee  to  take  effect  at  once,  and  on 
motion  it  was  carried — 

Tliat  the  resignation  of  the  Hon.  John  B.  Henderson,  chairman  of  the  execu- 
tive committee,  as  a  member  of  that  committee,  be  accepted  with  regret 

The  Senator  then  presented  his  resignation  as  a  Regent  to  take 
effect  March  1,  1911. 

Judge  Gray  offered  the  following  resolution,  which  was  unani- 
mously adopted : 

Whereas  the  board  of  Regents  of  the  Smithsonian  Institution  having  learned 
tbat  the  Hon.  John  B.  Henderson  has  tendered  his  resignation  as  a  Regent,  a 
position  he  has  filled  with  signal  ability  for  19  years ; 

Bewlved,  That  the  Regents  desire  here  to  express  to  him  their  high  apprecia- 
tion  of  his  serrices  as  a  mem1>er  of  the  board,  their  sincere  regret  at  the  term!- 
iiation  of  his  official  connection  with  the  institution,  and  their  cordial  good 
wishes  for  his  future  health  and  happiness. 
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Mr.  Mann  then  offered  the  following  resolution,  which  was  adopted : 

Resolved,  That  the  reaolatiou  in  relation  to  the  resignation  of  the  Hon.  John 
B.  Henderson  as  a  Regent  of  the  Smithsonian  Institution  be  engrossed  and 
transmitted  to  him. 

The  chancellor  stated  that  the  secretary  would  communicate  to  Con- 
gress the  announcement  of  Senator  Henderson's  resignation. 

Executive  committee  vacancy  filled. — ^The  matter  of  the  vacancy  in 
the  membership  of  the  executive  committee  was  brought  up,  and 
Senator  Bacon  was  nominated  for  the  position.  After  discussion, 
the  following  resolution  was  adopted : 

Resolved,  That  the  vacancy  in  the  membership  of  the  executive  committee^ 
caused  by  the  resignation  of  the  Hon.  Jolm  B.  Hend^son,  be  filled  by  the 
election  of  the  Hon.  A.  O.  Bacon. 

Models  of  patents. — ^Mr.  Mann  said  that  there  were  pending  in 
Congress  bills  providing  for  the  destruction  of  the  old  models  that 
had  been  on  deposit  in  the  Patent  Office  for  many  years,  and  asked 
if  the  Smithsonian  Institution  could  make  any  use  of  them. 

The  secretary  explained  that  this  matter  had  been  brought  to  the 
Institution's  attention  two  or  three  years  since,  and  that  about 
12,000  of  the  models  had  been  selected  for  the  use  of  the  industrial 
exhibit  in  the  Museum.  Those  left  were  not  suited  to  museum  pur- 
poses. 

Adjournment. — ^There  being  no  further  business  to  be  transacted, 
on  motion  the  board  adjourned. 
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ADVERTISEMENT. 


The  object  of  the  General  Appendix  to  the  Annual  Report  of  the 
Smithsonian  Institution  is  to  furnish  brief  accounts  of  scientific  dis- 
covery in  particular  directions;  reports  of  investigations  made  by 
collaborators  of  the  Institution;  and  memoirs  of  a  general  character 
or  on  special  topics  that  are  of  interest  or  value  to  the  numerous 
correspondents  of  the  Institution. 

It  has  be^i  a  prominent  object  of  the  Board  of  Regents  of  the 
Smithsonian  Institution,  from  a  very  early  date,  to  enrich  the  annual 
report  required  of  them  by  law  with  memoirs  illustrating  the  more 
remarkable  and  important  developments  in  physical  and  biolc^cal 
discovery,  as  well  as  showing  the  general  character  of  the  operations 
of  the  Institution;  and  this  purpose  has,  during  the  greater  part  of 
its  history,  been  carried  out  largdy  by  the  publication  of  such  papers 
as  would  possess  an  interest  to  all  attracted  by  scientific  progress. 

In  1880  the  secretary,  induced  in  part  by  the  discontinuance  of  an 
annual  summary  of  progress  which  for  30  years  previous  had  been 
issued  by  well-faiown  private  publishing  firms,  had  prepared  by  comr 
petent  collaborators  a  series  of  abstracts,  showing  concisely  the  prom- 
inent features  of  recent  scientific  progress  in  astronomy,  geolc^y, 
meteorology,  physics,  chemistry,  mineralogy,  botany,  zoolc^y,  and 
anthropology.  This  latter  plan  was  continued,  though  not  altogether 
satisfactorily,  down  to  and  including  the  year  1888. 

In  the  report  for  1889  a  return  was  made  to  the  earlier  method  of 
presenting  a  miscellaneous  selection  of  papers  (some  of  them  original) 
embracing  a  considerable  range  of  scientific  investigation  and  dis- 
cussion. This  method  has  been  continued  in  the  present  report  for 
1911. 
no 
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THE  GYROSTATIC  COMPASS.* 

[Witti  3  plates.] 


By  H.  Maschand. 


The  gyrostatic  compass  may  be  looked  upon  as  one  of  the  most 
interesting  inventions  made  dming  recent  years. 

The  gyroscope  is  familiar  to  all.  Nor  are  we  ignorant  to-day  of 
the  fundamental  laws  which  govern  it.  The  great  physicist  Fou- 
cault  first  completely  formulated  them  as  the  result  of  his  profound 
researches  on  the  subject. 

The  first  of  these  laws  is  that  a  gyroscope  with  perfect  freedom  of 
moYement — that  is,  the  power  to  move  in  any  direction,  and  free  from 
the  action  of  gravity — will  tend  to  maintain  the  initial  position  given 
to  it.  The  second  law  is  that  if  a  gyroscope  has  only  two  degrees  of 
ireedom,  in  such  a  way  that  it  can  imdergo  displacement  in  two  planes 
only,  it  must,  if  subject  to  the  action  of  gravity,  and  provided  that  it 
is  not  at  the  poles  of  the  earth,  tend  to  place  itself  so  that  its  axis  is 
parallel  to  that  of  the  earth  and  accordingly  will  indicate  the  direc- 
tion of  true  north. 

A  system  of  this  kind  is  free  from  the  errors  which  affect  the  mag- 
netic compass,  and  therefore  the  idea  of  taking  advantage  of  it  for 
navigation  must  have  early  attracted  the  attention  of  investigators, 
especially  as  the  general  use  of  steel  in  the  construction  of  vessels 
entails  grave  difficulties  in  the  use  of  magnetic  instruments. 

Formerly  the  means  at  hand  were  insufiScient  for  constructing  a 
satisfactory,  practical  instrument,  and  so,  during  the  time  of  Foucault, 
and  even  much  later,  the  numerous  scientists  who  approached  the 
problem  did  not  meet  with  much  success. 

A  German  investigator.  Dr.  AnschCltz,  has  lecently  succeeded  in 
constructing  an  instrument  on  gyrostatic  principles  which  is  prac- 
tical. In  1900  he  commenced  the  study  of  a  gyroscope  with  perfect 
freedom  of  movement.  Later,  however,  in  1906,  he  abandoned  that 
for  one  having  only  two  degrees  of  freedom. 

Even  with  the  latter  conditions  the  problem  required  great  nicety. 
A  grave  difficulty  comes  from  the  fact  that  such  a  device  is  affected, 
^der  ordinary  circimistances,  not  only  by  the  rotation  of  the  earth 
but  also  by  all  the  forces  to  which  it  is  subjected  betause  of  the  rolling 
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^<of  the  s)Sp.  Therefore,  in  order  to  get  a  good  residt,  it  was  necessary 
ifor  ^k^  compass  to  have  a  very  great  gyrostatic  resistance,  so  termed, 
<o|)|Miiig  energetically  any  force  tendii^  to  change  the  direction  of  its 
;a2db  of  rotation,  and  that  the  friction  of  its  bearings  should  be  made 
'  as  small  as  possible.  A  consequence  of  the  latter  condition,  however, 
would  be  that  the  gyrostat  would  come  to  its  normal  position  only 
after  a  relatively  long  time,  oscillating  to  and  fro  about  that  normal 
position.    Meanwhile  it  would  be  subject  to  new  perturbations. 

Accordingly  one  gr^at  desideratum  was  to  provide  some  device  for 
lessening  these  ositallations;  at  first,  Anschtitz  tried  for  this  pm*pose 
a  second  gyrostat;  later  he  developed  a  much  more  simple  and  effi- 
cient mellMKl.  His  gyrostatic  compass  was  tried  on  the  steamer 
D0Sii^c3hkmd  in  1908  and  has  since  been  used  in  the  German  Navy. 
Itt  hM  just  been  adopted  by  the  English  Navy,  and  other  navies  are 
«!bi>  trying  it. 

^  Let  us  consider  its  principles:  We  know  that  a  gyroscope  once 
^started  tends  to  maintain  its  axis  in  an  invariable  direction,  and 
that  if  any  force  is  appHed  tending  to  change  this  direction,  proces- 
sional movement  takes  place,  which  displaces  the  axis  perpendicular 
to  the  direction  of  the  disturbing  force.  Such  being  the  case,  let  us 
imagine  a  gyroscope,  inclosed  in  an  appropriate  box,  suspended  from 
a  float  which  rests  in  a  liquid  bath  in  such  a  manner  that  the  gyro- 
scope is  perfectly  free  to  swing  in  any  direction  like  a  pendulum 
which  is  at  rest;  the  center  of  gravity  of  the  system  is  below  the 
metacenter;  the  gyroscope  is  mounted  at  the  lowest  point  possible. 
Because  of  its  weight  the  axis  of  the  gyroscope  tends  to  maintain 
itself,  as  well  as  the  whole  attached  mechanism,  in  a  horizontal 
position. 

Let  us  set  the  gyroscope  disk  rotating.  In  the  past  such  rotation 
could  be  effected  only  by  rough  and  very  unsatisfactory  means;  now 
we  have  a  much  more  advantageous  method  at  our  disposal.  We 
may,  for  instance,  drive  it  by  a  Uttle  tiiree-phase  motor  fed  by  means  of 
£ne  conducting  wires  so  that  the  rotation  may  be  kept  up  indefinitely. 

As  soon  as  the  gyroscope  disk  is  in  rapid  rotation  with  its  axis  hori- 
zontal, then  if  this  axis  is  not  in  the  plane  of  the  terrestrial  meridian, 
the  rotation  of  the  earth  will  tend  to  alter  the  axis  from  its  original 
position.  The  gyroscope  tends  to  respond,  but,  restricted  by  its 
weight,  which  forces  the  axis  to  remain  horizontal,  it  will  imdergo 
only  a  horizontal  displacement. 

This  leads  it  to  take  a  north  and  south  direction,  because  as  long  as 
its  axis  is  not  parallel  to  that  of  the  earth,  the  cause  of  this  movement 
is  still  effective,  so  that  if  it  is  sufficiently  free  to  move,  it  will  indicate 
true  north. 

Plate  1  shows  a  model  designed  to  show  experimentally  this  action. 
It  consists  of  a  small  gyroscope,  driven  by  a  small  three-phase  elec- 
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trie  motor,  and  entirely  free  to  turn  in  any  direction  were  it  not  for 
two  small  springs,  which  serve  to  represent  the  attraction  due  to 
gravity  and  tend  to  keep  the  gyroecope's  axk  tangent  to  the  surface 
of  the  sphere  upon  which  it  is  mounted.  This  apparatus  may  be 
slipped  along  a  laige  movable  metallic  circle  representing  a  meridian. 

When  the  springs  are  detached  the  axis  of  the  gyroscope  tends  to 
take  an  invariable  direction  and  to  depart  from  it  only  because  of  the 
mevitable  friction  which  is  present  at  the  pivots. 

However,  once  these  spribgs  are  attached,  if  the  meridian  circle 
is  moved  to  another  place  on  the  globe,  then  the  axis  will  change  so  as 
to  come  into  the  plane  of  the  circle,  one  (A  its  extremities  being  directed 
toward  the  upper  pole  of  the  circle.  According  to  the  direction  of 
the  gyroscope  and  that 
of  the  circle,  one  or  the  3  j      ^ 

other  end  of  the  axis  iS^        ■■      ,J^Tt,a[^ 

moves  so  as  to  point  to 
this  upper  pole. 

In  the  Anschfttz 
compass,  of  which  fig- 
ure! is  asectionaland 
plate  2  a  perspective 
view,  the  gyrostat  is 
similarly  driven  by  a 
three-phase  electric 
motor;  the  float  from 
which  the  gyroscope  is 
siispended  is  a  hoUow 
bowl  of  steel  partially 
immersed  in  a  mer- 
cury bath  contained  in 
an  annular  box,  also  of 
steel.  To  the  top  of 
this  float  is  fixed  the 
compass  card.  The  north-south  line  of  the  card  coincides  exactly 
with  the  direction  of  the  axis  of  the  gyrostat. 

The  small  motor  which  rotate^i  the  gyrostat  disk  is  so  constructed 
that  its  stationary  part  is  built  on  the  box  of  the  gyrostat.  The 
electrical  connections  to  the  exterior  are  made  for  two  of  the  circuits 
through  small  cups  of  mercury.  The  third  circuit  passes  through  the 
mercury  bath  containing  the  float  and  then  through  the  case  itself. 
The  rotor  is  rigidly  built  on  the  gyrostat  disk.  It  is  of  one  piece, 
spmdle  and  all,  and  made  of  nickel  steel.  It  is  provided  with  ball 
bearings  of  extrarhard  steel  and  makes  20,000  revolutions  per  min- 
ute. The  axle  is  of  the  Laval  type  or  "flexible  axle."  Its  great 
387a4*»— SM  19U 8 


Fio.  l.~Aiiieh<lts  gyniftitlo  oompu^.  V«rtloal  section.  A,  thrad* 
ptaate  ftltamttlog-caxTeot  motor  in  box  B  (tha  rotor  of  ths  motor 
serres  m  the  CTtoftat);  R,  compass  card;  S,  boDow  amiular  stael 
float,  floatlDf  la  the  msraory  Q  and  oounterbalanring  tha  weight 
of  the  movlnc  system;  K,  compass  box,  suspended  as  usual  by 
nrmbals;  8,  T,  special  suspension,  made  of  two  insulated  conduct- 
ors for  leadinc  In  two  branohet  of  the  three-phase  cmrent,  the  third 
circuit  being  made  through  the  floating  ring  and  the  surrounding 
mercury . 
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velocity  of  rotation  frees  it  from  any  danger  of  deformation  due  to 
shocks. 

A  small  level  is  attached  to  tiie  compass  card  to  assure  that  the 
instrument  is  hOTizontal.  The  whole  system  is  mounted  on  gymbak 
and  attached  to  the  binnacle  with  flprings  after  the  usual  manner  'with 
marine  magnetic  compasses. 

The  damping  of  the  oscillations  of  the  compass  is  ^ected  in  a  very- 
ingenious  manner.  Near  the  center  and  on  both  sides  of  the  gyrostat 
box  are  bored  small  holes.  A  third  hole  is  bored  in  the  surroimding 
case.  The  rotation  of  the  gyrostat  produces  a  current  of  air  within 
and  a  pressure  toward  the  exterior. 

The  jet  of  air  at  its  exit  is  cut  by  a  small  blade  attached  to  a 
pendulum.  When  the  compass  is  exactly  horizontali  the  jet  is  divided 
equally  on  both  sides  of  the  blade.  If  it  is  not  horizontal,  the  pen- 
dulum displaces  the  blade  with  reference  to  the  aperture;  then  the 
divided  portions  of  the  jet  of  air  are  no  longer  equal  and  a  damping 
couple  is  produced. 

As  with  other  compasses,  this,  too,  is  subject  to  disturbing  influences. 
But  a  great  advantage  of  the  gyrostatic  compasses  lies  in  the  fact 
that  in  all  cases  the  causes  of  the  disturbances  are  independent  of  the 
special  instrument  and  may  be  corrected  by  specially  prepared  tables. 

Another  important  property  is  that  the  directing  force  can  be  made 
much  greater  than  is  possible  with  the  magnetic  needle.  Generally 
it  is  five  times  that  of  an  ordinary  well-constructed  magnetic  compass. 
Further,  since  the  axis  remains  both  in  the  meridional  and  in  the 
horizontal  planes,  the  dial  can  oscillate  only  slightly  about  the  north 
and  south  direction.  This  renders  it  easy  to  fix  contact  points  at 
the  extremities  of  the  east  and  west  line  for  the  electrical  transmission 
elsewhere  of  the  indications  of  the  compass. 

A  gyrostatic  compass  equipment  consists  of  a  master  compass, 
provided  with  a  transmitter,  and  secondary  compasses  connected 
electrically  with  the  master.  The  master  compass,  together  with 
the  transmitter,  is  placed  in  a  convenient,  well-protected  place,  and 
the  secondary  ones  placed  wherever  they  are  needed;  or  two  master 
compasses  may  be  used  with  two  sjmtems  of  secondary  ones. 

The  master  ccnnpass,  with  its  transmitter,  of  which  a  photograph 
is  shown  in  plate  3,  figure  1,  differs  from  the  others  in  that  the  binnacle 
is  moved  by  a  reversible  electric  motor  controUed  by  contacts  under 
the  gyrostat  itself,  so  that  it  turns  rapidly  when  necessary  and  follows 
at  all  times  the  motions  of  the  axis  of  the  gjrrostat. 

It  is  this  moving  binnacle  whidi  sends  the  currents  controlling  the 
secondary  compasses  and  keeps  them  in  synchronism  with  the  master 
compass.    The  latter  carries  on  its  axis  the  necessary  commutator. 

Special  secondary  compasses  are  employed,  as  shown  in  the  illus- 
tration (pi.  3,  fig.  2).    It  may  be  noted  that  it  has  at  its  center  a 
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second  fimb,  ndiich  makes  one  complete  rotation  for  each  10  degrees 
of  deviation  and  thus  renders  visible  very  small  deviations.    The 
current  for  the  motors  of  the  gyrostat  and  of  the  transmitter  is  fur- 
nished at   120   volts,  333  periods  per  second  by  a  16-pole  motor 
generator  working  on  an  ordinary  direct-current  lighting  circuit.    It 
runs  at  a  speed  of  2,500  turns  per  minute.    The  motor  of  the  gyrostat 
is  bipolar.    An  Anschfitz  compass  uses  normally  700  watts.    Besides 
the  apparatus  already  described,  there  is  furnished  a  short  description, 
with  the  necessary  directions  for  starting  the  compass  and  regulating 
it.    Ammeters  are  placed  in  each  of  the  three  circuits,  and  a  voltmeter 
may  be  connected  between  any  two  of  them.    For  each  wire  there  is 
a  pair  of  fuses  so  contrived  that,  by  means  of  a  quick- working  switch, 
if  one  of  the  fuses  fails  the  other  may  be  quickly  inserted. 
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Demonstration  Model  of  Gyrostatic  Compass. 
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Plate  2. 


Gyrostatic  Compass. 
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Plate  3. 


1.  Compass  and  Transmitter.    Master  Compass. 


2.  Receiver.    Secondary  Compass. 
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RADIOTELEGBAPHT.* 
[With  1  plate.] 


By  CoiacxNDATORX  Q.  ILlbooni,  LL.D.,  D.Sc. 


Tbe  practical  application  of  electric  waves  to  the  purposes  of  wire- 
less telegraphic  transmission  over  long  distances  has  continued  to 
extend  to  a  remarkable  degree  during  the  last  few  yearS;  and  many  of 
the  difficulties,  which  at  the  outset  appeared  almost  insunnountaJ>le, 
have  been  gradually  overcome,  chiefly  through  the  improved  knowl- 
edge which  we  have  obtained  in  rega^  to  the  subject  generally  and 
to  the  prindples  involved. 

The  experiments  which  I  have  been  fortunate  enough  to  be  able 
to  cany  out,  on  a  much  larger  scale  than  can  be  done  in  ordinary 
laboratories,  have  made  possible  the  investigation  of  phenomena  often 
novel  and  certainly  unexpected. 

Although  we  have — or  believe  we  have — all  the  data  necessary  for 
the  satisfactory  production  and  reception  of  electric  waves,  we  are  yet 
far  from  possessing  any  very  exact  knowledge  concerning  the  con- 
ditions governing  the  transmission  of  these  waves  through  space, 
especially  over  what  may  be  termed  long  distances.  Although  it  is 
now  perfectly  easy  to  design,  construct,  and  operate  stations  capable  of 
satisfactory  commercial  working  over  distances  up  to  2,500  niiles,  no 
realfy  clear  explanation  has  yet  been  given  of  many  absolutely  authen- 
ticated facts  concerning  these  waves.  Some  of  these  hitherto 
apparent  anomalies  I  shall  mention  briefly  in  passing. 

Why  is  it  that  when  using  short  waves  the  distances  covered  at 
night  are  usually  enormously  greater  than  those  traversed  in  the  day 
time,  while  when  using  much  longer  waves  the  range  of  transmission 
by  day  and  night  is  about  equal  and  sometimes  even  greater  by  day  ? 

What  explanation  has  been  given  of  the  fact  that  the  night  dis- 
tances obtainable  in  a  north-southerly  direction  are  so  much  greater 
than  those  which  can  be  effected  in  an  east-westerly  one  ? 

Why  is  it  that  mountains  and  land  generally  should  greatly  obstruct 
the  propagation  of  short  waves  when  sunlight  is  present  and  not  dur- 
ing the  hours  of  darkness  t 


1  B«p1iited  hy  permlMlon  from  author's  Mpsnte  of  Piooeedlngs  of  tbo  Boyal  XntttotlQiL    BmA 
IwiMO  Royal  lostttntioii  of  GrMt  Britain  at  weekly  evenlnc  meeting,  mday,  Jtu^  ^  ^^H. 
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The  general  principles  on  which  practical  radioielegraphy  is  based 
are  now  so  well  known  that  I  need  only  refer  to  them  in  the  briefest 
possible  manner. 

T^^b^eless  tel^raphy,  which  was  made  possible  by  the  fields  of 
research  thrown  open  by  the  work  of  Faraday,  Maxwell,  and  Herts,  is 
operated  by  electric  waves,  which  are  created  by  alternating  currents 
of  very  high  frequency,  induced  in  suitably  placed  elevated  wires  or 
capacity  areas.  These  waves  are  recttved  or  picked  up  at  a  distant 
station  on  other  elevated  conductors  timed  to  the  period  of  the  waves, 
and  the  latter  are  revealed  to  our  senses  by  means  of  appropriate 
detectors. 

My  original  system  as  used  in  1896  consisted  of  the  arrangemoit 
shown  diagrammatically  in  figure  1,  where  an  elevated  or  vertical  wire 

was  employed. 
This  wire  some- 
times terminated 
in  a  capacity  or 
was  connected  to 
earth  through  a 
spark  gap. 

By  using  an  in- 
duction coil  or 
other  source  of 
sufi^enthp'  high 
tension  electricity 
sparks  were  made 
to  j  ump  across  the 
gap;  thisgaverise 
to  oscillations  of 
high  frequency  in 
the  elevated  conductor  and  earth,  with  the  result  that  energy  in  the 
form  of  electric  waves  was  radiated  through  space. 

At  the  receiving  station  (fig.  2)  these  waves  induced  oscillatory 

currents  in  a  conductor  containing  a  detector,  in  the  form  of  a  coherer, 

which  was  usually  placed  between  the  elevated  conductor  and  earth. 

Although  this  arrangement  was  extraordinarily  efficient  in  regard 

to  the  radiation  of  electrical  energy,  it  had  numerous  drawbacks. 

The  electrical  capacity  of  the  system  was  very  small,  with  the 
resylt  that  the  small  amount  of  energy  in  the  aerial  was  thrown  into 
space  in  an  exceedingly  short  period  of  time.  In  other  words,  the 
energy,  instead  of  giving  rise  to  a  train  of  waves,  was  all  dissipated 
after  only  a  few  oscillations,  and,  consequently,  anything  approaching 
good  tuning  between  the  transmitter  and  receiver  was  found  to  be 
unobtainable  in  practice. 
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Many  mechanical  analogies  could  be  quoted  which  show  that  in 
order  to  obtain  syntony  the  operating  energy  must  be  suppUed  in  the 
form  of  a  sufficient  number  of  small  oscillations  or  impulses  properly 
timed.  Acoustics  furnish  us  with  numerous  examples  of  this  fact, 
such  as  the  resonance  i»oduced  by  the  well-known  tuning  fork 
experiment. 

Other  illustrations  of  this  principle  may  be  given;  e.  g.,  if  we  have 
to  set  a  heayy  pendulum  in  motion  by  means  of  small  thrusts  or 
impulses,  the  latter  must  be  timed  to  the  period  of  the  pendulum,  as 
otherwise  its  oscillatioDs  would  not  acquire  any  appreciable  ampUtude. 

In  1900  I  first  adopted  the  arrangement  which  is  now  in  general 
use,  and  which  consists  (as  shown  in  fig.  3)  of  the  inducdye  associa- 
tion of  the  elevated  radiating  wire  with  a  condenser  circuit  which  may 
be  used  to  store  up  a  considerable  amount  of  electrical  energy  and 
impart  it  at  a  slow  rate  to  the  radiating 
wire. 

As  is  now  well  known,  the  oscillations  in 
a  condenser  circuit  can  be  made  to  persist 
for  what  is  electrically  a  long  period  of 
time,  and  it  can  be  arranged  moreover  that 
by  means  of  suitable  aerials  or  antennae 
these  oscfllations  are  radiated  into  space 
in  the  form  of  a  series  of  waves,  which 
through  their  cumulative  eflFect  are  emi- 
nently suitable  for  enabling  good  tuning 
and  syntony  to  be  obtained  between  the 
tansmitter  and  receiver. 

The  circuits,  consisting  of  the  condenser 
circuit  and  the  elevated  aerial  or  radiating 
eireuit,  were  more  or  less  closely  coupled 
to  each  other.  By  adjusting  the  inductance  in  the  elevated  con- 
ductor, and  by  the  employment  of  the  right  value  of  capacity  or 
inductance  required  in  the  condenser  circuit,  the  two  circuits  were 
brought  into  electrical  resonance,  a  condition  which  I  first  pointed 
out  as  being  essential  in  order  to  obtain  efficient  radiation  and  good 
tuning. 

The  receiver  (as  shown  in  fig.  4)  also  consists  of  an  elevated  con- 
ductor or  aerial  connected  to  earth  or  capacity  through  an  oscil- 
lating transformer.  The  latter  also  contains  the  condenser  ajid 
detector,  the  circuits  being  made  to  have  approximately  the  same 
electrical  time  period  as  that  of  the  transmitter  circuits. 

At  the  long  distance  station  situated  at  Clifden,  in  Ireland,  the 
arrangement  which  has  given  the  best  results  is  based  substantially 
upon  my  syntonic  system  of  1900,  to  which  h^ve  been  added  numerous 
improvements. 
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An  important  innoYatkm  from  a  practical  pcnnt  of  Tiew  was  the 
adoption  at  Clifden  and  Qlace  Bay  of  air  conda[iBers,  composed  <^ 
insulated  metallic  plates  suspended  in  air  at  ordinary  pressure.  In 
this  manner  we  greatly  reduce  the  loss  of  eneigy  wfaidi  would  take 
place  in  consequence  of  dielectric  hysterosiB  were  a  glass  or  soHd 
dielectric  employed.  A  very  considerable  economy  in  working  also 
results  from  the  absence  of  dielectric  breakages,  for,  should  the 
potential  be  so  raised  as  to  eren  produce  a  disdiai^  from  plate  to 
plate  across  the  condenser,  tlus  does  not  permanently  affect  the  value 
of  the  dielectric,  as  air  is  self-healing  and  one  of  the  few  commodities 
which  can  be  replaced  at  a  minimimi  of  cost. 
Various  arrangements  have  been  tried  and  tested  for  obtaining 
»  continuous  or  very  prolonged  trains 

of  waves,  but  it  has  been  my  expe- 
rience that,  when  utilising  the  beet  re- 
ceivers at  present  available,  it  is  neither 
economical  nor  efficient  to  att^npt  to 
make  the  waves  toocontinuous.  Much 
better  results  are  obtained  when 
groups  of  waves  (fig.  5)  are  emitted  eX 
regular  intervals  in  such  manner  that 
their  cumulative  effect  jHt>duces  a 
clear  musical  note  in  the  receiver, 
which  is  tuned  not  <mly  to  the  period- 
icity of  the  electric  waves  transmitted 
but  also  to  their  group  frequency. 

In  this  manner  the  receiver  may  be 
doubly  tuned,  with  the  result  that  a 
far  greater  selectivity  can  be  obtained 
than  by  the  employment  of  wave  tun- 
ing alone. 

In  fact,  it  is  quite  easy  to  pick  up  simultaneously  different  messages 
transmitted  on  the  same  wave  length,  but  sjmtonized  to  different 
group  frequencies. 

As  far  as  wave  tuning  goes,  veiy  good  results — ^almost  as  good  as 
are  obtainable  by  means  of  continuous  oscillations — can  be  achieved 
with  groups  of  waves,  the  decrement  of  which  is  in  each  group  0.03 
or  0.04,  which  means  that  about  30  or  40  useful  oscillations  are 
radiated  before  their  amplitude  has  become  too  small  to  perceptibly 
affect  the  receiver. 

The  condenser  circuit  at  Clifden  has  a  decrement  of  from  0.015 
to  0.03  for  fairly  long  waves. 

This  persistency  of  the  osdllations  has  been  obtained  by  the 
employment  of  the  system  shown  in  figure  6,  which  I  first  described 
in  a  patent  taken  out  in  September,  1907:    This  method  eliminates 
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almost  completelj  the  sp&rk  g|^p  and  its  consequ^it  resbtancO;  which^ 
as  is  well  known,  is  the  principal  cause  of  the  damping  or  decay  of 
the  waves  in  the  usual  transmitting  circuit. 

The  apparatus  shown  in  figure  6  consists  of  a  metal  disk  a,  haying 
copper  studs  firmly  fixed  at  regular  intervals  in  its  periphery  and 
placed  transversely  to  its  plane.  This  disk  is  caused  to  rotate  very 
rapidly  between  two  other  disks,  b,  by  means  of  a  rapidly  revolving 
electric  motor  or  steam  turbine.  These  side  disks  are  also  made  to 
slowly  turn  round  in  a  plane  at  right  angles  to  that  of  the  middle 
disk.  The  connections  are  as  illustrated  in  the  figure.  The  studs 
are  of  such  len^h  as  to  just  touch  the  side  disks  in  passing,  and 
thereby  bridge 

RL50NRNCC  CURVL 
orCUFDEN 
PRIMARY  CIRCUIT 


the  gap  between 
the  latter. 

With  the  fre- 
quency employed 
atClifden,  name- 
ly, 45,000,  when 
a  potential  of 
15,000  volts  is 
used  on  the  con- 
denser, the  spark 
g^  is  practically 
closed  dining  the 
time  in  which  one 
complete  oscilla- 
tion onlyis  taking 
pUee,  when  the 
peripherical 
q)eed  of  the  disk 
is  about  600  feet  a 
second.  The  re- 
sult is  that   the 
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primaiy  circuit  can  continue  oscillating  without  material  loss  by 
ndstance  in  the  spark  gap.  Of  course  the  number  of  oscillations 
which  can  take  place  is  governed  by  the  breadth  or  thickness  of  the 
aide  disks,  the  primary  circuit  being  abruptly  opened  as  soon  as  the 
studs  attached  to  the  middle  disk  leave  the  side  disks. 

This  sudden  opening  of  the  primary  circuit  tends  to  immediately 
quench  any  oscillations  which  may  still  persist  in  the  condenser 
circuit;  and  this  fact  carries  with  it  a  further  and  not  inconsiderable 
advantage,  for  if  the  coupling  of  the  condenser  circuit  to  the  aerial 
is  of  a  suitable  value  the  energy  of  the  primary  will  have  practically 
all  passed  to  the  aerial  circuit  during  the  period  of  time  in  which  the 
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primary  cond^iser  circuit  is  closed  by  tfie  stud  filling  the  gap  between 
the  side  disks;  but  after  this  the  opening  of  the  gap  at  the  disks 
prevents  the  energy  returning  to  the  condenser  circuit  from  the  aerial, 
as  would  happen  were  the  ordinary  spark  gap  employed.  In  this 
manner  the  usual  reaction  which  would  take  place  between  the  aerial 
and  the  condenser  circuit  can  be  obviated,  with  the  result  that  with 
this  type  of  discharger  and  with  a  suitable  degree  of  coupling  the 
energy  is  radiated  from  the  aerial  in  the  form  of  a  pure  wave,  the 
loss  from  the  spark  gap-  resistance  being  reduced  to  a  minifminn 
I  am  able  to  show  a  resonance  curve  taken  at  CUfden  which  was 

obtained  from  the 
oscillations  in  the 
primary  alone  (fig. 
5). 

An  interesting 
feature  of  the  C3if- 
den  plant,  espe- 
cially from  a  prac- 
tical and  engineer- 
ing point  of  view, 
is  the  regular  em- 
ployment of  high- 
tension  direct  cur- 
rent for  charging 
the  condenser. 
Continuous  cur- 
rent at  a  potential 
which  is  capable 
of  being  raised  to 
20,000  volts  is  ob- 
tained by  means 
of  speciaJ  direct- 
current  genera- 
tors; these  ma- 
chines charge  a 
storage  battery  consisting  of  6,000  cells,  all  connected  in  series,  and 
it  may  be  pointed  out  that  this  battery  is  the  largest  of  its  kind  in 
existence.  The  capacity  of  each  cell  is  40  ampere-hours.  When 
employing  the  cells  alone  the  working  voltage  is  from  11,000  to  12,000 
volts,  and  when  both  the  direct-current  generators  and  the  battery- 
are  used  together  the  potential  may  be  raised  to  16,000  volts  through 
utilizbig  the  gassing  voltage  of  the  storage  cells. 

For  a  considerable  portion  of  the  day  the  storage  batteiy  alone  is 
employed,  with  a  result  that  for  16  hours  out  of  the  24  no  running 
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smchineiy  need  be  used  for  operating  the  station,  with  the  single 
exception  of  the  small  motor  revolying  the  disk. 

The  potential  to  which  the  condenser  is  charged  reaches  18,000 
volts  when  that  of  the  battery  or  generators  is  12,000.  This  poten* 
Ual  is  obtained  in  consequence  of  the  rise  of  potential  at  the  con- 
denser plates,  brought  about  by  the  rush  of  current  through  the 
dioking  or  inductance  coils  at  each  charge.  These  coils  are  placed 
between  the  battery  or  generator  and  the  condenser  e,  figure  6. 

No  practical  difiSculty  has  been  oocountered  either  at  Clif den  or 
(fiace  Bay  in  regard  to  the  insulation  and  maintenance  of  these  high- 
tension  storage  battles.  Satisf aetoiy  insulation  has  heea  obtained 
by  dividing  the  battery  into  small  sets  of  cells  placed  on  separate 
stinds.  These  stands  are  suq>ended  on  insulators  attached  to  girders 
fixed  in  the  ceiling  of  the  batteiy  room.  A  system  of  switches, 
wbich  can  all  be  operated  electoically  and  simultaneously,  divides  the 
battery  into  sections,  the  potential  of  each  section  being  low  enough 
to  liable  the  cells  to  be  handled  without  inconyenience  or  risk. 

The  arrangement  of  aerial  adopted  at  Clifden  and  Glace  Bay  is 
diown  in  figure  7.    This  system,  which  is  based  on  the  result  of  tests 
which  I  first    de- 
scribed before  the 
Bqyal    Society  in 


June,   1906/    not 
only  makes  it  pos- 
sible to  efi&ciently  ^^  ^ 
radiate  and  receiye 

waves  of  any  desired  length,  but  it  also  tends  to  confine  the  main 
portion  of  the  radiation  to  any  desired  direction.  The  limitation  of 
^iQsmission  to  one  direction  is  not  very  sharply  defined,  but 
nevertheless  the  results  obtained  are  exceedingly  useful  for  practical 
working. 

In  a  similar  maimer,  by  means  of  these  horizontal  vrires,  it  is 
possible  to  define  the  bearing  or  direction  of  a  sending  station,  and 
abo  limit  the  receptiyity  of  the  receiver  to  waves  arriving  from  a 
given  direction. 

The  commercial  woridng  of  radiotelegraphy  and  the  vridespread 
^>plication  of  the  sjrstem  on  shore  and  afloat  in  nearly  all  parts  of 
the  worid  has  greatly  facilitated  the  marshaling  of  facts  and  the 
observation  of  effects.  Many  of  these,  as  I  have  already  stated,  still 
AWait  a  satisfactory  explanation. 

A  curious  result  viduch  I  first  noticed  over  nine  years  ago  in  long- 
distance tests  carried  out  on  the  steamship  PhUaddphia,  and  which 
still  remains  an  important  feature  in  long-distance  space  telegraphy, 

^"On  methods  whereby  the  radiation  of  electric  wayes  may  be  mainly  confined,  etc.'?  Proo.  Roy. 
8«nA,T0L77,p.4l3. 
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is  the  detrimental  effect  produced  by  dayli^t  on  the  propagation  of 
electric  wayes  over  great  distances. 

The  generally  accepted  h3rpothe8i8  of  the  cause  of  this  absorption 
of  electric  waves  in  sunlight  is  founded  on  the  belief  that  the  absorp- 
tion is  due  to  the  ionization  of  the  gastous  molecules  of  the  air 
affected  by  tlie  ultra  violet  li^^t,  and  as  the  ultra  violet  rays  which 
emanate  from  the  sun  are  largely  absorbed  in  the  upper  atmosphere 
of  the  earth,  it  is  probable  that  that  portion  of  the  earth's  atmosphere 
which  18  f  adng  the  sun  will  contain  more  ions  or  electrons  than  that 
which  is  in  darkness,  and  therefore,  as  Sir  J«  J.  Thomson  has  shown/ 
this  illuminated  or  ionised  air  will  absorb  some  of  the  eneigy  of  the 
electric  waves. 

The  wave  length  of  the  oscillations  employed  has  much  to  do 
with  this  interesting  phenomenon,  long  waves  being  subject  to  the 
effect  of  daylight  to  a  very  much  lesser  degree  than  are  short  waves. 

Although  certain  physicists  thought  some  years  ago  that  the  day- 
light effect  should  be  more  marked  on  long  waves  than  on  short,  the 
reverse  has  been  my  experience;  indeed,  in  some  transatlantic  experi- 
ments, in  which  waves  about  8,000  meters  long  were  used,  the  energy 
received  by  day  at  the  distant  receiving  station  was  usually  greater 
than  that  obtained  at  ni^t. 

Becent  observation,  however,  reveals  the  interesting  fact  that  the 
effects  vary  greatly  with  the  direction  in  which  transmission  is  taking 
place,  the  results  obtained  when  transmitting  in  a  northerly  and  south- 
erly direction  being  often  altogether  different  from  those  observed 
in  the  easterly  and  westerly  one. 

Research  in  regard  to  the  changes  in  the  strength  of  the  received 
radiations  whidi  are  employed  for  tdiegraphy  across  the  Atlantic  has 
been  recently  greatly  facilitated  by  the  use  of  saisitive  galvanom- 
eters, by  means  of  whidi  the  strength  of  the  received  signals  can  be 
measured  with  a  fair  degree  of  accuracy. 

In  r^ard  to  moderate  power  stations  sudti  as  are  employed  on  ships, 
and  which,  in  compliance  with  the  international  convention,  use  wave 
lengths  of  300  and  600  meters,  the  distance  over  which  communica- 
tion can  be  effected  during  daytime  is  generally  about  the  same, 
whatever  the  bearing  of  the  ships  to  each  other  or  to  the  land  stations 
— ^whikt  at  night  interesting  and  apparently  curious  results  are 
obtained.  Ships  over  1,000  miles  away,  off  the  south  of  Spain  or 
roimd  the  coast  of  Italy,  can  almost  always  communicate  during  the 
hours  of  darkness  with  the  post-office  stations  situated  on  the  coasts 
of  England  and  Ireland,  whilst  the  same  ships,  when  at  a  similar 
distance  on  the  Atlantic  to  the  westward  of  these  islands  and  on  the 
usual  track  betwe^i  England  and  Amoica,  can  hardly  ever  communis 

1  FhOoiophical  ICaguiXM,  aer.  6,  vol.  4,  p.  253. 
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cate  with  these  shore  staiioDs  unless  by  means  of  special! j  powerful 
iDstnunents. 

It  is  also  to  be  noticed  that  in  order  to  reach  ships  in  the  Mediter- 
nnean  the  electric  waves  have  to  pass  over  a  large  portion  of  Europe 
and,  in  many  cases^  over  the  Alps.  Such  long  stretches  of  land^ 
especially  when  including  very  high  mountains,  constitute,  as  is  well 
faiown,  an  insurmountable  barrier  to  the  propagation  of  short  waves 
during  the  daytime.  Althou^  no  such  obstacles  lie  between  the 
En^ish  and  Irish  stations  and  ships  in  the  North  Atlantic  en  route 
for  North  America,  a  night  transmission  of  1,000  miles  is  there  of 
exceptionally  rare  occurrence.  The  same  effecta  generally  are  notice- 
able when  ships  are  communicating  with  stations  situated  on  the 
Atlantic  coast  of  America. 

Although  high  power  stations  are  now  used  for  communicating 
across  the  Atlantic  Ocean,  and  messages  can  be  sent  by  day  as  well 
as  by  night,  there  still  exist  periods  of  fairly  regular  daily  occurrence 
during  which  the  strength  of  the  received  signals  is  at  a  minimum. 
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FIG.  8. 


'Thai  in  the  morning  and  the  evening,  when,  in  consequence  of  the 
difference  in  longitude,  daylight  or  darkness  extends  only  part  of  the 
vij  across  the  ocean,  the  received  signals  are  at  their  weakest.  It 
wmild  almost  appear  as  if  electric  waves,  in  passing  from  dark  space 
to  iDominated  space  and  vice  versa,  were  r^ected  and  refracted  in 
sadi  a  manner  as  to  be  diverted  from  the  normal  path. 

Later  results,  however,  seem  to  indicate  that  it  is  unlikely  that 
this  difficulty  would  be  experienced  in  telegraphing  over  equal  dis- 
tances north  and  south  on  about  the  same  meridian,  as,  in  this  case, 
tbe  passage  from  daylight  to  darkness  would  occur  more  rapidly  over 
die  whole  distance  between  the  two  stations. 

I  have  here  some  diagrams  which  have  been  QarefuUy  prepared 
hj  Mr.  H.  J.  Round.  These  show  the  average  daily  variation  of  the 
signals  received  at  Gif den  from  Olace  Bay. 

The  curves  traced  on  the  diagram  (fig.  8)  show  the  usual  varia* 
tbn  in  the  strength  of  these  transatlantic  signals  on  two  wave  lengths 
-^ne  of  7yOOO  meters  and  the  other  of  6,000  meters. 
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The  strength  of  the  received  waves  remains  as  a  rule  steady  during 
daytime. 

Shortly  after  sunset  at  Clifden  they  become  gradually  weaker,  and 
about  two  hours  later  they  are  at  their  weakest.  They  then  begin  to 
strengthen  again,  and  reach  a  very  hi^  maximum  at  about  the  time 
of  sunset  at  Glace  Bay. 

They  then  gradually  return  to  about  normal  strength,  but  through 
the  night  they  are  very  variable.  Shortly  before  sunrise  at  Clifden 
the  signals  commence  to  strengthen  steadily,  and  reach  another  high 

maximum    shortly 
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after  sunrise  at  Clif- 
den. The  received 
energy  then  steadily 
decreases  again  until 
it  reaches  a  very 
marked  minimmn,  a 
short  time  before  sim- 
rise  at  Olace  Bay. 
After  that  the  signals 
gradually  come  back 
to  normal  day 
strength. 

It  can  be  noticed 

that,    althou^    the 

shorter  wave  gives  on 

the  average  weaker 

«tf       '    *  I    I    signals,  its  maximum 

«lj — J->yVA/W-yt!    and  minimum  varia- 

tions  of  strength  very 
sensibly  exceed  that 
of  the  longer  waves. 
Figure  9  shows  the 
variations  at  CUfden 
during  periods  of  24 
hours,  commencing  at 
12  noon  throu^out 

the  month  of  April,  1911,  the  vertical  dotted  lines  representing  sunset 

and  sunrise  at  Glace  Bay  and  Clifden. 
Figure  10  shows  the  curve  for  the  first  day  of  each  month  for  one 

year,  from  May,  1910,  to  April,  1911. 

I  carried  out  a  series  of  tests  over  longer  distances  than  had  ever 

been  previously  attempted,  in  September  and  October  of  last  year, 

between  the  stations  of  Clifden  and  Qlace  Bay,  and  a  receiving  station 

placed  on  the  Italian  Steamship  Principessa  Mqfdldaf  in  the  course  of 

a  voyage  from  Italy  to  Argentina  (pi.  1,  fig.  1). 
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Plate  1. 


1.  LoNQ  Distance  Wireless  Tests  in  1910. 


2.  Record  of  Wireless  Signals. 
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During  these  tests  the  reeeiyin^  wire  was  supported  by  means  of  a 
kite;  as  was  done  in  my  early  transatlantic  tests  of  1901,  the  height 
of  the  kite  varying  from  about  1,000  to  3,000  feet.  Signals  and  mes- 
sages were  obtained  without  difficulty,  by  day  as  wdl  as  by  night,  up 
to  a  distance  of  4,000  statute  miles  from  difden. 

Beyond  that  distance  reception  could  only  be  carried  out  during 
ni^ttime.  At  Buenos  Aires,  over  6,000  miles  from  Clifden,  the 
ni^t  signals  from  both  Clifden  and  Olace  Bay  were  generally  good, 
but  their  strength  suffered  some  variations. 

It  is  rather  remarkable  that  the  radiations  from  Clifden  should 
have  been  detected  at  Buenos  Aires  so  clearly  at  ni^ttime  and  not 
at  all  during  the  day,  whilst  in  Canada  the  signals  coming  from  Clif- 
den (2,400  miles  distant)  are  no  stronger  during  the  night  than  they 
are  by  day. 

Further  tests  hare  been  carried  out  recently  for  the  Italian  Gov- 
ernment between  a  station  situated  at  Massaua  in  East  Africa  and 
Coltano  in  Italy.  Considerable  interest  attached  to  these  experi- 
ments, in  view  of  the  fact  that  the  line  connecting  the  two  stations 
passes  over  exceedingly  dry  countiy  and  across  vast  stretches  of 
desert,  including  parts  of  Abyssinia,  the  Soudan,  and  the  Libyan 
Desert.  The  distance  between  the  two  stations  is  about  2,600  miles. 
The  wave  leaigth  of  the  sending  station  in  Africa  was  too  small  to 
allow  of  transmission  being  effected  during  daytime,  but  the  results 
obtained  during  the  hours  of  darkness  were  exceedingly  good,  the 
received  signals  being  quite  steady  and  readable. 

The  improvements  introduced  at  Clifden  and  Glace  Bay  have  had 
the  result  of  greatly  minimizing  the  interference  to  which  wireless 
transmission  over  long  distances  was  particularly  exposed  in  the 
early  days. 

The  signals  arriving  at  Clifden  from  Canada  are  as  a  rule  easily 
read  through  any  ordinary  dectrical  atmospheric  disturbance.  This 
sta-engthening  of  the  received  signals  has  moreov^  made  possible  the 
use  of  recording  instruments,  which  wiU  not  only  give  a  fixed  record 
of  the  received  messages,  but  are  also  capable  of  being  operated  at  a 
much  hi^er  rate  of  speed  than  could  ever  be  obtained  by  means  of 
an  operator  reading  by  soimd  or  sight.  The  record  of  the  signals  is 
obtained  by  means  of  photography  in  the  following  manner:  A  sen- 
sitive Ein^oven  string  galvanometer  is  connected  to  the  magnetic 
detector  or  vahre  receiver,  and  the  deflections  of  its  filament  caused 
by  the  incoming  signals  are  projected  and  photographically  fixed  on 
a  sensitive  strip,  which  is  moved  along  at  a  suitable  speed  (pi.  1 ,  fig.  2) . 
On  some  of  these  records,  which  I  am  able  to  show,  it  is  interesting 
to  note  the  characteristic  marks  and  signs  produced  amongst  the 
signals  by  natural  electric  waves  or  other  electrical  disturbances  of 
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the  atmosphere,  ^^ch,  on  Mcount  i>t  their  doubtful  origm,  haye  been 
caUed  "X's." 

Although  the  mathematioal  theory  of  electric  wave  propagation 
through  space  was  worked  out  bj  Clerk  Maxwell  nuM«  than  50  years 
ago,  and  notwithstanding  all  the  experimental  evidence  obtained  in 
laboratories  concerning  the  nature  of  these  waves,  yet  so  far  we 
understand  but  incompletdy  the  true  fundamental  principles  con- 
cerning the  manner  of  propagation  (A  the  waves  on  which  wireless 
telegraph  transmission  is  based*  For  example,  in  the  early  days  of 
wireless  td^raphy  it  was  generally  believed  that  the  curvature  of 
the  earth  would  constitute  an  insurmountable  obstacle  to  the  trans- 
mission of  electric  waves  between  widely  separated  points.  For  a 
ocmsiderable  time  not  suffident  account  was  taken  of  the  probable 
effect  of  the  earth  connection,  especially  in  regard  to  the  transmisBi<Hi 
of  oscillations  over  long  distances* 

Physicists  seemed  to  consider  for  a  long  time  that  wireless  teleg- 
raphy was  solely  dq>endent  on  the  effects  of  free  Hertzian  radiation 

through'  space,  and  it  was  yeara 
'^""^'•s  before  the  probaUe  effect  of  the 

.y   )/    .^  ^^,  \r\>      conductivity  of  the  earth  was  oon- 

-  //  //"'\  I  ^  r*--^  •  V'.  sidered  and  discussed. 

•//  •'•'/-•. :''  f^^^^^^\i  r\\\ \\\  Lord  Raylei^,  in  ref erring  to 

\mmimn.^JA hwjlfwlm^m n ri \iJ km     transatlantic  radiotel^riq>hy, 

stated  in  a  paper  read  before  the 
^'  "•  Royal  Society  in  May,  1903,  tliat 

the  results  which  I  had  obtained  in  signaling  across  the  Atlantic 
suggested  ''  a  more  decided  bonding  or  diffraction  of  the  waves  round 
the  protuberant  earth  than  had  been  expected,''  and  further  said 
that  it  imparted  a  great  interest  to  the  theoretical  problem.^  Prof. 
Fleming,  in  his  book  on  electric  wave  telegraphy,  gives  diagrams 
showing  what  may  be  taken  to  be  a  diagrammatic  representation  of 
the  detachment  of  semiloops  of  electric  strain  from  a  simple  vertical 
wire  (fig.  11). 

As  wiU  be  seen,  these  waves  do  not  propagate  in  the  same  manner 
as  does  free  radiation  from  a  classical  Hertzian  oscillator,  but  instead 
(^de  along  the  surface  of  the  earth. 

ProL  Zenneck '  has  carefully  examined  the  effect  of  earthed  receiv- 
ing and  transmitting  aerials,  and  has  endeavored  to  show  mathe- 
matically that  when  the  lines  of  electrical  force,  constituting  a 
wave  front,  pass  along  a  surface  <rf  low  specific  inductive  capacity — 
such  as  the  earth — ^they  become  inclined  forward,  their  lower  ends 
being  retarded  by  the  resistance  of  the  conductor,  to  which  they  are 

>  Pioo.  Roy.  Soc.,  VOL  72,  p.  40. 
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attached.  It  therefore  would  seem  that  wireless  telegraphy  as  at 
present  practiced  is,  to  some  extent  at  least,  dependent  on  the  con- 
dactivity  of  the  earth,  and  that  the  difference  in  operation  across 
long  distances  of  sea  compared  to  over  land  is  sufficiently  explained 
by  the  fact  that  sea  water  is  a  much  better  conductor  than  is  land. 

The  importance  or  utility  of  the  earth  connection  has  been  some- 
times questioned,  but  in  my  opini<m  no  practical  system  of  wireless 
telegraphy  eziats  where  the  instruments  are  not  in  some  manner  con- 
nected to  earth.  By  connection  to  earth  I  do  not  necessarily  mean 
an  ordinaiy  metallic  connection  as  used  for  wire  telegraphs.  The 
earth  wire  may  have  a  condenser  in  series  with  it,  or  it  may  be  con- 
nected to  what  is  really  equiralent,  a  capacity  area  placed  close  to 
the  surface  of  the  ground.  It  is  now  perfectly  well  known  that  a 
condenser,  if  large  enou^,  does  not  prevent  the  passage  of  high- 
frequency  oscillations,  and  therefore  in  this  case,  when  a  so-called 
balancing  capacity  is  used,  the  antenna  is  for  all  practical  purposes 
connected  to  earth. 

I  am  also  of  opinion  that  there  is  absolutely  no  fotmdation  in  the 
statement  which  has  recentiy  been  repeated  to  the  effect  that  an  earth 
connection  is  detrimental  to  good  tuning,  provided  of  course  that 
the  earth  is  good. 

Certainty,  in  consequ^ice  of  its  resistance,  what  electricians  call  a 
bad  earth  will  damp  out  the  oscillations,  and  in  that  way  make  timing 
difficult;  but  no  such  effect  is  noticed  "whesa  employing  an  efficient 
earth  connection. 

In  conclusion,  I  bdieve  that  I  am  not  any  too  bold  "when  I  say  that 
wireless  telegraphy  is  tending  to  revolutionize  our  means  of  communi- 
cation from  place  to  place  on  the  earth's  surface.  For  example,  com- 
mercial messages  containing  a  total  of  812,200  words  were  sent  and 
leceiYed  between  Clifden  and  Glace  Bay  from  May  1,  1910,  to  the 
end  of  April,  1911;  wireless  telegraphy  has  already  furnished  means 
of  conmiunication  between  ships  and  tiie  shore  where  communication 
was  before  practically  impossible.  The  fact  that  a  system  of  imperial 
wireless  tdegraphy  is  to  be  discussed  by  the  imperial  conference, 
now  holding  its  meetings  in  London,  shows  the  supremely  important 
position  which  radiotelegraphy  over  long  distances  has  assumed  in 
the  short  space  of  one  decade.  Its  importance  from  a  commercial, 
nayal,  and  military  point  of  view  has  increased  very  greatly  during  the 
last  few  years  as  a  consequence  of  the  innumerable  stations  which 
have  been  erected,  or  are  now  in  course  of  construction,  on  various 
coasts,  in  inland  regions,  and  on  board  ships  in  all  parts  of  the  world. 
Notwithstanding  this  multiplicity  of  stations  and  their  almost  con- 
stant operation,  I  can  say  from  practical  experience  that  jnutudl 
interference  between  property  equipped  and  efficientiy  timed  instru- 
387d4<'--ex  19U — -0 
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ments  has  so  far  been  abnost  entirely  absent.  Some  interfer^ice 
does  without  doubt  take  place  between  shi^  in  consequence  of  the 
fact  that  the  two  waye  l^igths  adopted  in  accordance  with  the  rules 
laid  down  by  the  international  convention,  are  not  sufficient  for  the 
proper  hancUiag  of  the  veiy  laif^  amount  of  messages  transmitted 
from  the  ever  increasing  number  of  ships  fitted  with  wireless  tel^- 
raphy.  A  considerable  advantage  would  be  obtained  by  the  utiliza- 
tion of  a  third  and  longer  wave  to  be  employed  exclusively  for  com- 
munication over  long  distances. 

In  regard  to  the  high-power  transatlantic  stations,  the  facility 
with  which  interference  has  been  prevented  has  to  some  extent  ex- 
ceeded my  expectations.  At  the  r^beiving  station  situated  at  a  dis- 
tance of  only  8  miles  from  the  powerful  sender  at  Clifd^  during 
a  recent  demonstration  arranged  for  the  Admiralty,  messages  could 
be  received  from  Olace  Bay  without  any  interference  from  Qifden 
when  this  latter  station  was  transmitting  at  full  power  on  a  wave 
length  differing  only  25  per  cent  from  the  wave  radiated  from  Glace 
Bay,  the  ratio  between  the  maximum  recorded  range  of  Qifden 
and  8  miles  being  in  the  proportion  of  750  to  1. 

Arrangements  are  being  made  to  permanently  send  and  receive 
simultaneously  at  these  stations,  which,  wh^i  completed,  will  consti- 
tute in  effect  the  duplexing  of  radiotel^gn^hic  communication  be- 
tween Ireland  and  Canada. 

The  result  which  I  have  last  referred  to  also  goes  to  show  that  it 
would  be  practicable  to  operate  at  one  time,  on  sli^tly  different 
wave  lengUis,  a  great  number  of  long-distance  stations  situated  in 
England  and  Irieland  without  danger  of  mutual  interference. 

The  extended  use  of  wireless  telegraphy  is  principally  dependent 
on  the  ease  with  which  a  number  of  stations  can  be  efficiently  worked 
in  the  vicinity  of  each  other. 

Considering  that  the  wave  lengths  at  present  in  use  range  from 
200  to  23,000  feet,  and  moreover  that  wave  group  tuning  and  direc- 
tive systems  are  now  available,  it  is  not  difficult  to  foresee  that  this 
comparatively  new  method  of  communication  is  destined  to  fill  a 
position  of  liie  greatest  importance  in  facilitating  communication 
throughout  the  world. 

Apart  from  long-distance  work,  the  practical  value  of  wireless 
telegraphy  may  perhaps  be  divided  into  two  parts,  (1)  "whem  used 
for  transmission  over  sea  and  (2)  when  used  over  land. 

Many  countries,  including  Italy,  Canada,  and  Spain,  have  already 
supplemented  their  ordinary  telegraph  systems  by  wireless-telegraphy 
installations,  but  some  time  must  pass  before  this  method  of  commu- 
nication will  be  very  largely  used  for  inland  purposes  in  Europe 
generally,  owing  to  the  efficient  network  of  land  lines  already  existing 
which  render  further  means  of  communication  unnecessaiy;  and 
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therefore  it  is  probable  that,  at  any  rate  for  the  present,  the  main  use 
of  radiotel^raphy  will  be  confin^  to  extra-European  countries,  in 
some  of  which  climatic  conditions  and  other  causes  absolutely  pro- 
hilnt  the  efficient  maintenance  of  land-line  telegraphy.  A  proof  of 
this  has  been  afforded  by  the  success  which  has  attended  the  working 
of  the  stations  recently  erected  in  Brazil  on  the  upper  Amazon. 

By  the  majority  of  people  the  most  marvelous  side  of  wireless 
telegraphy  is  perhaps  considered  to  be  its  use  at  sea.  Up  to  the 
time  of  its  introduction,  ships  at  any  appreciable  distance  from  land 
had  no  means  of  getting  in  touch  with  the  shore  throughout  the 
whole  duration  of  their  voyage.  But  those  who  now  make  long  sea 
joum^rs  are  no  longer  cut  off  from  the  test  of  the  worid ;  business  men 
can  continue  to  correspond  at  reasonable  rates  with  their  offices 
in  America  or  Europe;  ordinaiy  social  messages  can  be  exchanged 
between  passengers  and  their  friends  on  shore;  a  daily  newspaper  is 
published  on  board  most  of  the  principal  liners,  giving  the  chief  news 
of  the  day.  Wireless  telegraphy  has  on  more  than  one  occasion 
proved  an  invaluable  aid  to  the  course  of  justice — a  well-known 
inst4mce  of  which  is  the  arrest,  which  took  place  recently  through  its 
agency,  of  a  notorious  crimilial  when  about  to  land  in  Canada. 

The  chief  benefit,  however,  of  radiotelegraphy  Ues  in  the  facility 
which  it  affords  to  ships  in  distress  of  communicating  their  plight  to 
neighboring  vessels  or  coast  stations;  that  it  is  now  considered 
indispensable  for  this  reason  is  shown  by  the  fact  that  several  govern- 
ment have  passed  a  law  making  a  wireless-telegraph  installation  a 
compulsoiy  part  of  the  equipment  of  all  passenger  boats  entering 
their  ports. 
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MULTIPLEX  TELEPHONY  AND  TELEGRAPHY  BY  MEANS 
OF  ELECTRIC  WAVES  GTHDED  BY  WIRES.* 

[With  1  plate.] 


Ds.  Gbobgb  O.  BQinsK, 
Major  Signal  Corfi,  United  States  Armf. 


I.— INTRODUCTION. 

i3ectrieal  transmission  of  intelligence;  so  vital  to  the  progress  of 
dyilization;  has  taken  a  development  at  pressent  into  telephony  and 
tel^raphj  over  metallic  wires;  and  tek^raphy,  and,  to  a  limited 
extent,  telephony,  throng  the  medium  of  the  ether  by  means  of 
dectoic  waves. 

Daring  the  past  12  years  the  achievements  of  wireless  tel^- 
nphy  have  been  truly  marvelous.  From  an  engineering  viewpoint, 
the  wonder  of  it  all  is,  that,  with  the  transmitting  eneigy  being 
f^ted  out  over  the  surface  of  the  earth  in  aU  directions,  enough 
of  this  energy  is  delivered  at  a  single  point  on  the  circumference  of  a 
cirde,  of  which  the  transmitting  antenna  is  approximately  the  cen- 
^  to  operate  successfully  suitable  receiving  devices  by  which  the 
^tromagnetic  waves  are  translated  into  intelligence. 

'Hie  ''plant  efficiency"  for  electrical  energy  in  the  best  types  of 
^^ireleas  stations  yet  produced  is  so  low  that  there  can  be  no  com- 
parison between  it  and  the  least  efficient  transmission  of  energy  by 
conducting  wires. 

Ihe  limits  of  audibility,  being  physiological  functions,  are  well 
known  to  vary  considerably,  but  tiiey  may  be  taken  to  be  in  the 
neighborhood  of  16  complete  cycles  per  second  as  the  lower  limit 
and  15,000  to  20,tkX)  cycles  per  second  as  the  upper  limit.  If,  there- 
fore, there  are  impressed  upon  a  wire  circuit  for  transmitting  intelli- 
gence harmonic  electromotive  forces  of  frequencies  between  0  and  16 
(ydes  per  second,  or,  again,  above  15,000  to  20,000  cycles  per  second, 
it  would  seem  certain  that  whatever  effects  such  electric-wave  fre- 
quencies produced  upon  metallic  lines,  the  present  apparatus  em- 
ployed in  operating  them  could  not  translate  these  effects  into  audible 
signals. 

^  A  p^MT  pnMOted  at  th«  twenty-eighth  manual  oonyentlon  of  the  American  Institute  of  Electrical 
^Jgtaew,  Chicaco,  DL,  June  28-«),  MIL  Copyright,  Mil,  by  A.  I.  B.  E.  Beprlnted  by  permbBion 
tern  PfOQeedangs  of  the  Inatltiite  for  Hay,  19U,  pp.  867-OOS. 

133 


Digitized  by  CjOOQIC 


134  ANNUAL  BEPOBT  SMITHSONIAN  INSTITUTION,  1911. 

There  are,  therefore,  two  poesihle  solutions  to  the  proUem  of 
multiplex  telephony  and  tel^raphy  upon  this  principle  by  electric 
waves,  based  upon  the  unalterable  characteristics  of  the  human  ear, 
viz,  by  employing  (1)  electric  waves  of  infra  sound  frequencies,  and 
(2)  those  of  ultra  soimd  frequencies.  One  great  difficulty  in  design- 
ing generators  of  infra  soimd  frequencies  is  in  securing  a  pure  sine 
wave,  as  otherwise  any  harmonic  of  the  fundamental  would  appear 
within  the  range  of  audition.  Furthennore,  the  range  of  frequencies 
13  restricted,  and  the  physical  dimensions  of  the  tuning  elements  for 
such  low  frequencies  would  have  a  tendency  to  become  unwieldy. 

The  electromagnetic  spectrum  at  present  extends  from  about  four 
to  eight  periods  per  second,  such  as  are  employed  upon  ocean  cables, 
to  the  shortest  waves  of  ultra-violet  light.  In  this  whole  range  of 
frequencies  there  are  two  distinct  intervals  which  have  not  as  yet 
been  used,  viz,  frequencies  from  about  3X10^'  of  the  extreme  infra- 
red to  5X 10^®,  which  is  the  freqeuncy  of  the  shortest  electric  waves 
yet  produced  by  electrical  apparatus,  and  from  about  80,000  to  100,000 
cycles  per  second  to  about  15,000  to  20,000  cycles  per  second.  The 
upper  limit  of  this  latter  interval  represents  about  the  lowest  frequen- 
cies yet  employed  for  long-distance  wireless  telegraphy. 

Within  the  past  few  years  generators  have  been  developed  in  the 
United  States  giving  an  output  of  2  kilowatts  and  above  at  a  fre- 
quency of  100,000  cycles  per  second,  and  also  capable  of  being  ope- 
rated satisfactorily  at  as  low  a  frequency  as  20,000  cycles  per  second. 
Furthermore,  these  machines  give  a  practically  piu:e  sine  wave. 

The  necessary  conditions  for  telephony  by  electric  waves  guided 
by  wires  are  an  uninterrupted  source  of  sustained  oscillations  and 
some  form  of  receiving  device  which  is  quantitative  in  its  action.  In 
the  experiments  described  in  multiplex  telephony  and  telegraphy  it 
has  been  necessary  and  sufficient  to  combine  the  present  engineering 
practice  of  wire  telephony  and  telegraphy  with  the  engineering 
practice  of  wireless  telephony  and  telegraphy. 

The  frequencies  involved  in  telephony  over  wires  do  not  exceed 
1,800  to  2,000,  and  for  such  frequencies  the  telephonic  currents  are 
fairly  well  distributed  throughout  the  cross  section  ^f  the  conductor. 
As  ^e  frequency  is  increased  the  so-caUed  ''skin  effect''  becomes 
noticeable,  and  the  energy  is  more  and  more  transmitted  in  the  ether 
surroimding  the  conductor. 

It  has  been  found  possible  lo  superimpose,  upon  the  ordinary  tele- 
phonic wire  circuits  now  commercially  used,  electric  waves  of  ultra 
sound  frequencies  without  producing  any  harmful  ^ects  upon  the 
operation  of  the  existing  telephonic  service.  Fortunately,  therefore, 
the  experiments  described  below  are  constructive  and  additive, 
rather  than  destructive  and  supplantive. 
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Electric  waves  of  ultra  sound  frequencies  are  guided  by  means  of 
wires  of  an  existing  commercial  installation  and  are  made  the  vehicle 
for  the  transmission  of  additional  telephonic  and  telegraphic  messages. 

APPARATUS  AND  BQUIPMSNT. 

Under  a  special  appropriation  granted  to  the  Signal  Corps  by  Con- 
gress in  tixe  army  appropriation  act  of  1909,  a  smaU  research  labora- 
toiy  has  been  established  at  the  Bureau  of  Standards,  in  the  suburbs 
of  the  city  of  Washington.  This  laboratory  is  equipped  with  the 
latest  forms  of  apparatus  now  employed  in  the  wireless  telephone  and 
tel^raph  art,  and  also  with  the  standard  types  of  telephone  and 
tel^raph  apparatus  now  used  upon  wire  circuits.  The  small  con- 
struction laboratory  of  the  United  States  Signal  Corps  is  located  at 
1710  Pennsylvanue  Av^iue  and  is  also  equipped  with  the  usual  types 
and  forms  of  apparatus  used  in  transmitting  intellig^ice  by  electrical 
means.  Each  of  these  laboratories  is  supplied  with  a  wireless  tele- 
phone and  telegraph  installation  with  suitable  antenne.  In  addi- 
tion^  these  two  laboratories  are  connected  by  a  standard  telephone 
cable  line  about  7  miles  in  length,  which  was  employed  in  the  experi- 
ments described  below. 

THE   100,000-CYCLE  OENEBATOR.^ 

The  high-frequency  alternator,  which  is  shown  complete  with 

driving  motor  and  switchboard  in  the  accompanying  illustrations,  is 

a  spedal  form  of  the  inductor  type  designed  for  a  frequency  of  100,000 

cydes  with  an  output  of  2  kilowatts,  making  it  adapted  for  use  in 

^nieless  telephony  or  telegraphy  (pi.  1). 

Driving  motor. — ^The  motor  is  a  shunt-wound  lO-hoisepower  ma- 
chine with  a  normal  speed  of  1,250  revolutions  per  minute.  It  is 
connected  by  a  chain  drive  to  an  intermediate  shaft  which  runs  at  a 
speed  of  2,000  revolutions  per  minute.  The  intermediate  shaft 
drives  the  flexible  shaft  of  the  alternator  through  a  De  Laval  turbine 
gearing,  having  a  ratio  of  10  to  1.  The  flexible  shaft  and  inductor 
Ihus  revolve  at  a  speed  of  20,000  revolutions  per  minute. 

Field  coils. — The  field  coils,  mounted  on  the  stationary  iron  frame 
of  the  alternator,  surround  the  periphery  of  the  inductor.  The 
magnetic  flux  produced  by  these  coils  passes  through  the  laminated 
armature  and  armature  coUs,  the  air  gap,  and  the  inductor.  This 
flux  is  periodically  decreased  by  the  nonmagnetic  sections  of  phos- 
phor-bronze embedded  radially  in  the  inductor  at  its  periphery. 

AmuOure  caUe. — ^The  armature  or  stators  are  ring-shaped  and  are 
made  of  laminated  iron.  Six  himdied  slots  are  cut  on  the  radial 
face  of  each;  a  quadruple  silk-covered  copper  wire,  0.016  inch  (0.4 

1  Atezflndenon,  Tms.  Amer.  Inst.  Elactr.  Eng.,  vol.  28,  p.  390, 1900. 
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millimeter)  in  diameter,  is  wowid  in  a  continuous  wave  up  and  down 
the  successive  slots.  The  peripheries  of  the  annatuie  frames  are 
threaded  to  sci^ew  into  the  iron  fmne  of  the  alternator.  By  means  of 
a  graduated  scale  on  the  alternator  frame,  the  armatiires  can  be 
readily  adjusted  for  any  deaii^  air  gap. 

Iniuctor. — ^The  inductor  or  rotor  has  300  teeth  on  each  side  of  its 
periphery,  spaced  0.125  inch  (3.17  millimeters)  between  centers. 
The  spaces  between  the  teeth  are  filled  with  U-shaped  phosphor- 
bronze  wires,  securdy  anchored,  so  as  to  withstand  the  oentr^Pugal 
force  of  80  poimds  (36.3  kilograms)  exerted  by  each.  Since  each 
tooth  of  the  inductor  gires  a  complete  cycle,  100,000  cycles  per 
second  are  developed  at  20,000  revolutions  per  minute.  The  diame- 
ter of  the  disk  being  1  foot  (0.30  meter),  the  peripheral  speed  is 
1,047  feet  (319  meters)  per  second,  or  700  miles  (1,127  kilometers)  per 
hour,  at  which  rate  it  would  roll  from  the  United  States  to  Europe 
in  four  hours.  By  careful  design  and  selection  of  material,  a  factor 
•of  safety  of  6.7  is  obtained  in  the  disk,  although  the  centrifugal 
force  at  its  periphery  is  68,000  times  the  weight  of  the  metal  there. 

Bearings. — The  generator  has  two  sets  of  bearings,  as  shown  in  the 
illustrations,  the  outer  set  being  the  main  bearings  which  support 
the  weight  of  the  revolving  parts.  These  bearings  are  self-aligning 
and  are  fitted  with  special  sleeves,  which  are  ground  to  coincide 
with  longitudinal  corrugations  of  the  shaft,  thus  taking  up  the  end 
thrust.  A  pump  maintains  a  continuous  stream  of  oil  through  these 
bearings,  thus  iJlowing  the  machine  to  be  run  continuously  at  full 
speed  without  troublesome  heating. 

The  middle  bearings  normally  do  not  touch  the  shaft,  but  take  up 
excessive  end  thrust  and  prevent  excessive  radial  vibration  of  the 
flexible  shaft. 

«  An  auxiliary  bearing  or  guide  is  placed  midway  between  the  gear 
box  and  the  end  bearing.  Its  function  is  to  limit  the  vibration  of 
that  portion  of  the  shaft. 

CWirtcaZ  periods. — ^In  starting  the  machine,  severe  vibration  occurs 
at  two  distinct  critical  speeds,  one  at  about  1,700  and  the  other  at 
about  9,000  revolutions  per  minute.  The  middle  bearings  prevent 
this  vibration  from  becoming  dangerous. 

Voltage. — ^With  the  normal  air  gap  between  the  armatures  and 
revolving  disk  of  0.015  inch  (0.38  millimeter),  the  potential  developed 
is  150  volts  with  the  armatiuee  connected  in  series.  It  is  possible, 
however,  to  decrease-the  air  gap  to  0.004  inch  (0.10  millimeter)  for 
short  runs,  which  gives  a  corresponding  increase  in  voltage  up  to 
nearly  300  volts.  It  is  considered  inadvisable,  however,  to  run  with 
this  small  air  gap  for  any  considerable  length  of  time. 

The  machine  is  intended  to  be  tised  with  a  condenser,  the  capacity 
reactance  of  which  balances  the  armature  induction  reactance,  whid[i 
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is  5.4  ohms  at  100,000  cycles.  This  would  require  a  capacity  of 
about  0.3  microfarad  for  resonance  at  this  frequency,  but  in  the 
experiments  conducted  at  100,000  cycles  it  was  found  necessary  to 
decrease  this  amount  on  account  of  the  fixed  auxiliary  inductance  of 

the  leads. 

CONSTANTS  Or  THE  TELEFHONS  LINE. 

The  telephone  line  used  in  these  experiments  extends  from  the 
Signal  Corps  laboratory  at  1710  Pennsylyania  Avenue  to  the  Signal 
Corps  research  laboratory  at  the  Biu-eau  of  Standards. 

Iliis  line  is  made  up  of  the  r^ular  standard  commercial  equipment 
and  consists  of  paper-insulated,  twisted  pairs  in  lead-coYered  cable, 
placed  in  conduit  in  the  usual  manner  employed  for  city  installation. 
For  the  sake  of  convenience,  one  of  the  pair  is  designated  as  No.  1 
wire  and  the  other  as  No.  2  wire. 

The  air-line  distance  between  the  two  laboratories  is  a  little  over 
3  miles  (4.8  kilometers),  but  the  telephone  line,  by  passing  through 
three  exchanges,  covers  about  7  miles  (1 1 .27  kilometers) .  The  course 
of  the  line,  with  the  size  and  type  of  conductor,  is  as  follows: 

LsthcfnUxry  to  main  exchange,  nnderg^tmnd  cable,  No.  22  B.  4c  S. 
Main  exebange  to  west  exchange,  nndezgroand  cable,  No.  19  B.  d  S. 
West  exchange  to  Cleveland  exchange,  undefground  cable.  No.  19  B.  d  S. 
Cleyeland  exchange  to  Bureau  of  Standaids,  undeiground  cable.  No.  19  B.  A  S. 
All  underground  cable  except  from  Bureau  of  Standards  to  Wisconsin  Avenue  and 
Pierce  Mill  Road,  about  3,400  feet,  whidi  is  aerial  cable. 

This  line  is  equipped  with  protective  heat  coils  of  a  standard  type, 
one  in  each  wire  of  the  metallic  circuit,  at  the  Cleyeland  exchange  and 
the  main  exchange,  but  none  at  the  west  exchange.  The  constants  of 
each  of  these  coils  are  as  follows: 

Direct  current  resistance  of  6&^  F ohms. .      3. 8 

Size  of  wire.  No.  30  B.  A  S. 

Length  of  wire cm. .        40 

Number  of  turns  in  each  coil,  about 38 

Measured  inductance  at  70,000  cycles cm. .  4, 400 

Or  4.4X10-*  henry. 

The  above  constants  were  measured  from  a  sample  of  one  of  these 
coils  selected  at  random. 

Resistance  of  metallic  circuit ohms. .  776 

Capacity  measured  (one  minute  electrification)  between  No.  1  and  No.  2  wires 

microfarad. .  0. 69 

Insulation  resistance: 

Between  No.  1  wire  and  earth megohms..  0.9 

Between  No.  2  wire  and  earth do LS 

Between  No.  1  and  No.  2  wires  in  parallel  and  earth do. ...  0. 8 

Between  No.  1  and  No.  2  wires do 2.1 

The  line  included  the  usual  house-wiring  at  each  station,  which  was 
undisturbed  in  taking  the  measurements. 
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n.— DUPLBX-DIPLEX  TELEPHONY  OVER  WIRE  CIRCUITS. 

Such  has  been  the  deyelopment  of  telephone  engineering  that  at 
present  any  proposal  which  requires  for  its  success  the  supplanting  of 
the  present  low-frequency  battery  system  would  be  most  radical.  ^  It 
would  surely  be  admitted  that  any  plan  which  permits  the  present 
engineering  telephone  system  to  remain  intact  and  superimpose 
thereon  additional  telephone  circuits  would  possess  cardinal  advan- 
tages. Accordingly,  the  first  preliminary  experiments  were  directed 
to  the  inquiry  as  to  whether  or  not  it  is  possible  to  superimpose  upon 
the  minute  tdephonic  currents  now  ^nployed  in  telephony  over  wires, 
electric  waves  oi  ultrsrsound  frequencies  without  causing  prohibitive 
interference  with  the  battay  telephone  currents.  Manifestly,  this 
fundamental  point  can  best  be  determined  by  experiments,  at  the 
generator  itscJf ,  with  the  most  sensitive  part  of  the  telephone  equip- 
ment, viz,  the  telephone  receiver.  Accordingly,  experiments  were 
first  conducted  with  various  forms  and  types  of  telephone  receivers  in 
connection  with  local  circuits  at  the  generator.  Such  is  the  sensibility 
of  the  telephone  receiver  that  it  was  thought  possible  that,  although 
currents  of  frequencies  entirely  above  audition  were  applied  to  the 
receiver  from  a  dynamo  as  a  source,  there  mi^t  be  some  frequency  or 
frequencies  from  the  operation  of  the  apparatus  which  would  be  within 
the  range  of  audition.  Such  was  found,  in  fact,  to  be  the  case  at  cer- 
tain critical  frequencies  of  the  machine,  but  they  were  of  no  practical 
importance,  as  will  be  shown  later. 

With  a  collection  of  telephone  receivers  ranging  from  about  50  to 
over  8,000  ohms  and  of  a  variety  of  designs,  a  series  of  tests  was  made 
under  severe  conditions  to  detemmie  the  above  point.  It  was  found, 
in  general,  that  alternating  currents  of  frequencies  ranging  from  30,000 
to  100,000  cycles  per  second,  when  coupled  conductively,  inductively, 
or  electrostatically  to  local  circuits  from  the  generator  produced  abso- 
lutely no  perceptible  physiological  eflFects  in  the  receivers,  excepting 
only  that  at  certain  of  the  lower  frequencies  a  distinct  audible  note 
could  be  faintly  heard  in  one  of  the  receivers  of  about  250  ohms 
resistance. 

A  search  for  the  cause  of  this  note  showed  that  it  is  due  to  a  slight 
variation  of  the  amplitude  of  the  high-frequency  current  of  the  gen- 
erator, since  no  evidence  of  it  could  be  detected  on  the  battery  tele- 
phone side  of  the  circuit.  It  appears  to  be  caused  by  a  very  slight 
vibration  of  the  rotor  as  a  whole  in  the  magnetic  field  of  the  generator. 
It  was  almost  entirely  removed  by  the  simple  device  of  opening  out 
the  stators,  which  increases  the  clearance  and  materially  cuts  down 
the  flux  of  the  machine.  In  practice  it  is  a  distinct  advantage,  how- 
ever, to  have  a  trace  of  tl;iis  note  still  left  on  the  high-frequency  side  of 
the  circuit,  otherwise  there  is  no  ready  means  of  determining  at  the 
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receiving  end  of  the  cable  line  whether  or  not  the  high-frequency  cur- 
rent is  present  on  the  line,  whereas  this  note,  which  has  to  be  searched 
for  in  tumng  and  which  was  entirely  tuned  out  when  speech  was  best, 
gave  a  very  convenient  method  of  testing  for  the  presence  of  high- 
frequency  current. 

Having  determined  the  genial  nature  of  this  disturbance  and  its 
comparative  unimportance,  no  further  investigation  of  it  was  consid- 
ered necessary  at  that  time. 

The  next  fundamental  point  to  determine  was  whether  or  not  at 
ibese  frequencies  a  telephone  can  receive  enough  energy  to  make  it 
operative  for  producing  sound  waves  in  air. 

Since  the  self-induction  of  a  standard  telephone  receiver  is  high, 
eneigy  at  these  frequencies  is  eflfectively  barred  from  it.  In  the  wire- 
less telegraph  art,  where  the  frequencies  involved  are  from  one  hun- 
dred thousand  to  several  million  per  second,  this  problem  has  been 
imifonnly  solved  by  the  introduction  of  some  form  of  detector  for 
electromagnetic  waves,  whose  function  is  to  transform  the  energy  of 
the  high-frequency  oscillations  into  other  forms  suitable  to  a  type  of 
iDstruinent  such  as  a  telephone  receiver. 

Hie  next  step,  therefore,  consisted  in  introducing  various  forms  of 
detectors,  such  as  are  now  used  in  wireless  tel^raphy,  between  the 
telephone  receiver  itself  and  the  eneigizing  circuit.  Since  the  fre- 
quencies being  here  considered  are  entirely  above  audition  it  was 
necessary,  in  order  to  produce  a  physiological  effect,  to  introduce 
mother  element  in  this  transformation,  viz,  some  method  of  modify- 
ing the  continuous  train  of  sustained  oscillations  from  the  generator 
mto  groups  or  trains,  the  period  of  which  falls  within  the  limits  of 
audition.  This  was  accomplished  by  employing  the  regular  forms  of 
automatic  interrupters,  such  as  are  now  used  in  wireless  telegraphy, 
with  the  expected  result  that  with  these  two  additional  and  essential 
peces  of  apparatus  operatively  connected  between  the  telephone 
receiver  and  the  generator,  the  energy  of  the  generator  was  delivered 
to  the  ear  in  a  form  well  suited  for  physiological  effects.  Since  it  is 
well  known  that  the  human  ear  is  most  sensitive  at  a  period  of  about 
500  cycles  per  second,  or  1,000  alternations,  interrupters  giving  this 
frequency  were  employed. 

'nie  presence  of  the  detectors  in  this  chain  of  transformations  is 
necessitated  by  the  use  of  the  telephone  receiver  as  a  translating 
device. 

Although  some  of  the  detectors  for  electric  waves  are  very  sensitive 
to  electrical  energy  they  are  here  employed  not  because  they  are  more 
sensitive  to  electrical  energy  than  is  the  telephone  receiver  itself, 
which  is  not  the  case,  but  because  the  telephone  receiver  is  not  adapted, 
for  the  reasons  stated  above,  to  translate  electrical  energy  of  these  fre- 
quencies into  movements  of  its  diaphragm. 
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The  elements  of  ihe  apparatus  thus  far  include  a  generator  of  sus- 
tained highrfrequencj  osdilations,  an  interrupter  to  modify  the  am- 
plitude of  these  oscillations  into  groups  of  a  period  within  the  range  of 
audition,  some  form  of  detector  to  rectify  these  oscillations^  and  a  tde- 
phone  receiver.  Manifestly  here  are  all  of  the  elements  that  are  neces- 
sary for  telegraphy,  using  the  telq[ihone  receiver  to  interpret  the 
signals. 

If  in  the  above  mentioned  chain  of  apparatus  the  interrupter  is 
replaced  by  some  form  of  telephone  transmitter,  such  as  the  micro- 
phone, this  is  all  that  is  necessary  for  the  transmission  of  speech. 

Experiments  were  made  over  local  circuits  with  apparatus  arranged 
in  this  order  over  a  range  of  frequencies  from  20,000  to  100,000  per 
second,  with  the  result  that  speech  was  transmitted  very  satisfac- 
torily. Upon  removing  the  detector  from  the  above  arrangement  all 
perceptible  effect  in  the  telephone  receiver  ceased;  in  fact  no  arrange- 
ment of  connections  of  a  telephone  receiver  to  such  a  high  frequency 
circuit  which  did  not  include  some  form  of  detector  was  found  to  be 
operative  for  telephony,  imless  certain  low  resistance  telephones  were 
used  in  which  case  the  speech  was  so  much  weaker  as  to  be  of  an 
entirely  different  order  of  magnitude. 

The  presence  of  a  detector  in  this  chain  of  operations,  is  not  abso- 
lutely necessary  in  the  case  of  telegraphy,  since  if  the  interrupter 
automatically  produces  a  definite  number  of  wave-trains  per  second, 
each  train  consisting  of  at  least  several  complete  oscillations,  an  effect 
may  be  produced  upon  a  telephone  receiver  directly  without  a  detector. 
The  physiological  effect,  however,  is  quite  different,  the  dear  funda- 
mental note  corresponding  to  the  frequency  of  the  interrupter  being 
no  longer  audible,  but,  instead,  a  peculiar  dull  hissing  sound.  If,  how- 
ever, a  telephone  receiver  was  used,  which,  instead  of  having  a  per- 
manent magnet  as  a  core,  had  one  of  soft  iron,  no  effect  without  the 
detector  was  produced  with  the  energy  used. 

As  stated  above  in  the  case  of  telephony,  the  energy  required  for 
telegraphy  without  a  detector  is  of  a  different  <mler  of  magnitude. 

Having  determined  the  necessary  and  sufficient  conditions  for  the 
accomplishment  of  telegraphy  and  telephony  by  means  of  electric 
waves  guided  by  wires  upon  local  circuits,  the  next  step  was  to  apply 
these  means  and  conditions  to  an  actual  coiomercial  telephone  cable 
line,  the  constants  of  which  have  been  given  above. 

The  machine  was  run  at  a  frequency  of  100,000  <^es  per  second 
with  the  circuit  arrangements  as  shown  in  figure  1,  where  one  wire  of 
the  telephone  cable  was  connected  to  one  terminal  of  the  secondary 
of  an  air-core  transformer,  the  other  terminal  being  connected  to 
earth. 

At  the  receiving  end  of  the  line,  which  was  the  Signal  Corps  con- 
struction laboratory,  at  1710  Pennsylvania  Avenue,  Washington, 
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D.  C,  this  wire  was  connected  directly  to  earth  through  a  ''perikon" 
aystal  detector,  such  as  is  well  known  in  wireless  telegraphy,  and  a 
hi^  resistance  telephone  receiver  of  about  8,000  ohms  was  shunted 
around  the  crystal.  In  this  preliminaiy  experintent  no  attempt  was 
made  at  tunmg,  either  at  the  transmitting  end  or  at  the  receiving 
end  of  the  line. 

In  the  primary  circuit  of  the  generator,  arrangements  were  made 
by  which  either  an  interrupter  and  tel^raph  key  or  a  telephone 
transmitter  could  be  inserted  by  throwing  a  switch. 

In  the  line  circuit  a  hot  wire  milUammeter  was  inserted  in  a  con- 
venient position  so  that  the  effect  of  the  operation  of  eiii^T  the 
telegraph  key  or  of  the  human  voice  upon  the  transmitter  could  be 
observed  by  watching  the  fluctuations  of  the  needle  of  the  milUam- 
meter. 

A  loose  coupling  was  employed  between  the  two  circuits  at  the 
transmitting  end,  and  the  line  circuit  adjusted  by  varying  the  coup- 
ling xniiSL  the  current  in  the  line  was  20  to  30  milliamperes.  With 
this  arrangement  (1)  telegraphic  signals  were  sent  and  easily  received, 
and  (2)  speech  was  transmitted  and  received  successfully  over  this 
single  wire  with  ground  return. 

The  ammeter  showed  marked  fluctuations  from  the  human  voice 
and  enabled  the  operator  at  the  transmitting  station  to  be  certain 
that  modified  electric  waves  were  being  transmitted  over  the  line. 

The  actual  ohmic  resistance  of  the  line  apparently  played  an 

^important  part  for  tel^raphy  at  100,000  cycles,  since  with  one 

of  the  wires  of  the  pair  and  a  ground  return,  the  effect  of  doubling 

the  conductivity  of  the  wire  by  joining  both  wires  in  parallel,  although 

tkus  arrangement  increased  the  capacity  of  the  wires,  could  not  be 

detected  with  certainty  by  an  operator  listening  to  the  signals  and 
noawaie  of  which  arrangement  was  being  used. 

Inserting  in  the  line  wire  a  noninductive  carbon  rod  resistance 
of  750  ohzns,  which  is  practically  the  resistance  of  the  hne  itself, 
could  not  be  detected  by  any  change  in  the  intensity  of  the  received 
annals. 

The  next  experiment  was  to  determine  what  effect,  if  any,  such 
sustained  electrical  oscillations  would  have  upon  the  minute  tele- 
phonic currents  employed  in  battery  telephony. 

DUPLEX  TBLBFHONY,  USINO  ONE  OBOUNDED  dBOuXT. 

To  determine  the  fact  that  electric  waves  of  ultra  sound  frequency 
produce  no  perceptible  effect  when  superimposed  on  the  same  circuit 
over  which  telephonic  conversation  is  being  transmitted,  the  next 
step  was  to  use  such  a  train  of  sustained  oscillations  as  the  vehicle 
for  transmitting  additional  speech  over  the  same  dreuit.    For  this 
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purpose  the  twisted-pair  telephone  line  was  equipped  with  a  com- 
plete standard  local  battery  telephone  set,  as  installed  for  commercial 
practice,  and  in  addition  one  of  the  wires  of  the  pair  was  equipped  as 
in  figure  1,  the  circuit  being  shown  diagrammatically  in  figure  2. 
This  particular  arrangement  was  employed  in  this  experiment  for  the 
reason  that  it  was  desired  to  have  the  battery  telephone  operate 
on  its  usual  circuit  with  the  introduction  of  groimd  connections 

at  the  ends  of  the 
line  for  the  super- 
position of  theh^h- 
frequency  circuit. 
When  such  ground 
connections  were 
introduced  directly 
without  tuning  ele- 
ments therein  the 
metallic  circuit  ex- 
perienced the  usual 
disturbances  found 
under  city  conditions,  but  the  metallic  circuit  could  be  reduced  to 
silence  again  by  introducing  in  the  groimd  connections  the  necessary 
tuning  elements  of  magnitudes  suited  to  wireless  telegraphy. 

Next,  the  twisted-pair  telephone  line  was  equipped  with  a  com- 
plete standard  local  battery  telephone  set,  as  installed  for  commercial 
practice,  with  the  exception  that  the  local  battery  circuit  of  the 
transmitter     tele- 
phone   set    was    •^*nJII^^ 

13         0  nnwfrn 

opened   and   a  few 

turns  of  coarse  wire 
inserted  in  series 
with  the  two  dry 
cells  which  are  nor- 
mally used,  as  shown 
in  figure  3.  Induc- 
tively connected 
with  this  coil  was 
the  armature  circuit 
of  the  generator.  A  hot  wire  milliammeter  was  placed  in  the  line 
circuit  to  indicate  the  magnitude  of  the  hi^-frequency  current  which 
was  flowing  on  the  line.  With  this  arrangement  tests  were  made  to 
determine  whether  or  not  there  were  any  effects  upon  the  transmission 
of  speech,  due  to  superimposing  high-frequency  currents  upon  the 
battery  telephone  sets.  With  an  operator  at  each  end  of  the  line, 
using  the  equipment  in  the  regular  commercial  way,  the  direct-current 
voltage  and  the  alternating-current  voltage  in  series  with  it  in  the 
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primaiy  circuit  of  the  transmitter  were  varied  individually  and  rela- 
tively in  a  variety  of  ways,  with  the  striking  result  that  just  at  the 
point  where  the  direct-euirent  voltage  was  decreased,  so  that  no 
sounds  were  received,  the  line  became  absolutely  silent,  although  the 
alternating  voltage  in  the  circuit  was  at  its  largest  value,  or,  again, 
speech  would  reappear  at  the  receiving  station  at  the  moment  when 
sufficient  direct-current  voltage  was  introduced  to  produce  it,  and  the 
simultaneous  presence  of  both  the  mATiiniiTT^  direct  voltage  and 
mayiTniim  highrfrequency  voltage  in  a  circuit  produced  exactly  the 

same   result   as    the 

mayimuTn  direct-cur-  ►^^^KI 
rent  voltage  did  alone. 
When,  however,  the 
hi^firequency  cur- 
rent in  the  local  circuit 
was  forced  to  a  point 
which  caused  '^burn- 
ing" in  the  transmit- 
t^  itself,  then,  and 
tiien  only,  did  the 
hi^-frequency  cur- 
rwit  in  any  way  inter- 
fere with  the  trans- 
mission. 

By  transferring  this 
coil  from  the  local 
drcuit  of  the  tele- 
plume  set  directly  into 
thelme  itself,  so  that 
the  high-frequency 
Ofidllations  would  be  superimposed  upon  the  line  beyond  the  iron- 
cored  induction  coil  of  the  telephone  transmitter,  it  was  not  possible 
to  detect  the  presence  or  absence  of  high-frequency  currents. 

As  a  test  under  severest  conditions  the  effect  was  noted  upon 
speech  received  at  the  same  station  at  which  the  high-frequency 
current  is  being  impressed,  for  here  a^e  the  attenuated  telephonic 
currents  at  the  receiving  end  of  the  telephone  line,  on  which  is  super- 
imposed a  high-frequency  current  of  vastly  greater  magnitude  at 
the  same  point.    No  effects  of  any  kind  could  be  detected  imder 
these  conditions.    From  the  above  experiments  it  appears  that  in 
any  attempt  at  multiplex  telephony  by  means  of  electric  waves  of 
ulfarasoimd  frequencies  superimposed  upon  the  minute  telephonic 
currents  employed  in  battery  transmission  there  is  nothing  to  fear 
from  disturbances  of  such  currents  upon  the  operation  of  the  ordinary 
battery  equipment. 
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Fig.  3. 
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SILENT  EABTH  dBOUlTS. 

The  electromagnetic  constants  of  the  apparatus  employed  in  tele- 
graphy and  telephony  over  wire  drcuits  are  of  the  order  of  magnitude 
of  microfarads  and  henrys,  and  since  no  attempt  is  made  at  tuning, 
these  are  constructed  at  present  with  no  provision  for  continuously 
varying  the  units. 

In  wireless  td^^raphy  and  telephony  these  electromagnetic  con- 
stants are  of  the  order  of  magnitude  one  thousand  times  smaller,  or 
are  expressed  in  thousandths  of  microfarads  and  of  heniys;  furth^^ 
more,  these  forms  of  apparatus  are  provided  with  convenient  means 
of  continuously  varying  their  values  for  tuning. 

In  the  operation  of  providing  timing  elements  for  earth  connections 
there  is  at  the  same  time  afforded  a  certain  means  of  eliminating  any 
harmful  disturbances  from  the  earth,  for  the  condensers  employed 
for  tuning  to  frequencies  above  audition  possess  an  impedance  to  the 
frequencies  involved  in  speech  and  also  any  disturbances  from  the 
earth,  which  effectively  prevents  the  passage  of  any  disturbance  of 
audible  frequency.  These  condensers  offer  a  comparatively  free  pas- 
sage to  the  electrical  oscillations  of  the  frequencies  here  being  con- 
sidered. When  such  earth  connections  are  selectively  tuned  with  the 
line  to  frequencies  entirely  above  audition  it  is  evident  that  no  audible 
frequencies,  either  in  the  earth  itself  or  from  the  line,  can  pass.  Sim- 
ple experiments  proved  the  ef&ciency  of  this  arrangement,  and  when 
the  metallic  telephone  circuit,  equipped  with  a  standard  local  battery 
set,  was  connected  to  earth  in  the  m^pner  described,  the  operation 
of  the  battery  set  was  perfectly  quiet  and  equally  good  with  and  with- 
out such  earth  connections. 

The  point  was  now  reached  where  the  road  was  clear  for  duplex 
telephony,  and  for  this  piupose  the  apparatus  and  methods  employed 
in  wireless  telephony  were  applied  to  one  of  the  wires  of  the  metallic 
circuit  as  though  it  were  an  antenna.  The  actual  arrangement  of  this . 
circuit  is  shown  in  figure  4,  in  which  O  is  the  source  of  sustained  high 
frequency  oscillations;  C  is  the  tuning  condenser  of  the  oscillatory 
circuit;  L'  is  the  timing  inductance  of  the  oscillatory  circuit;  P  is  the 
primary  of  the  oscillation  transformer;  A  is  the  ammeter;  M  is  the 
transmitter  microphone;  S  is  the  secondary  of  the  ocsillation  trans- 
former in  the  line  circuit;  C  is  the  tuning  condenser  in  the  line  circuit; 
Lis  the  tuning  inductance  in  the  line  circuit;  A' is  the  ammeter  in  the 
line.  At  the  receiving  end  of  the  line  C|  is  the  line  timing  condenser; 
Li  is  the  line  timing  inductance;  Pi  is  the  primary  of  the  oscillation 
transformer;  S|  is  the  secondaiy  of  the  oscillation  transformer;  L/ 
is  the  tuning  inductance  in  the  oscillatory  circuit;  e/  is  the  tuning 
condenser  in  the  oscillatory  circuit,  between  which  and  the  tele- 
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phone  F'  the  detector  D  is  operatively  connected;  E  is  the  earth 
connection. 

'  The  local  battery  telephone  sets  are  connected  across  the  two  line 
wires  in  the  usual  manner.  In  both  sets  1  is  the  microphone  trans- 
mitter; 2  is  the  local  battery;  3  is  the  induction  coil;  4  is  the  ringing 
system,  including  the  bell  and  hand  generator;  5  is  the  switch  hook; 
6  is  the  telephone  receiver. 

It  was  found  that  cross-talk  was  heard  in  the  detector  circuit  from 
the  battel  y  tiansmitter  at  the  transmitting  end  when  the  detector 
dreuit  alone  was  connected  directly  to  earth  from  the  line  without 
any  timing  coil  or  condenser.  If,  however,  the  tuning  condenser  was 
msertedy  this  cross-talk  entirely  disappeared,  even  though  the  tuning 
coil  was  not  inserted.  This  is  because  the  impedance  of  the  small 
tuning  condenser  is  large  for  telephonic  frequencies,  while  the  tuning 
coil  impedance  admits  these  telephonic  frequencies.  Both  elements 
of  timing  are  required  for  selective  absorption  of  energy,  so  that  the 
hi^-frequency  circuit  is  available  as  an  additional  telephonic  circuit. 
With  this  arrange- 
ment talking  in  the 
transmitter  of  the 
high-frequency  side 
of  the  system  was 
heard  only  in  the 
detector  and  there 
was  no  cross-talk 
from  the  ordinary 
local  battery  cir- 
cuit. Similarly, 
there  was  no  effect  of  the  high-frequency  transmission  on  the  local 
battery  transmission,  and  the  two  telephonic  messages  were  com- 
pletely separated.  Both  circuits  were  entirely  free  from  earth  dis- 
turbances. 

The  volume  of  speech  at  the  receiving  end  of  the  cable  is  greatly 
increased  by  simply  inserting  the  transmitter  in  the  dynamo  circuit 
and  operating  this  circuit  at  or  near  resonance.  In  addition,  the 
coupling  at  both  transmitting  and  receiving  stations  should  be  so 
designed  as  to  permit  adjustment  for  optimum. 

The  frequency  used  in  this  experiment  was  about  100,000  cycles 
per  second.  The  talk  on  the  regular  battery  circuit  was  of  the  usual 
high  standard  both  ways,  so  that  the  only  reason  at  this  point  why 
complete  duplex-diplex  telephony  was  not  obtained  was  the  fact  that 
there  was  no  high-frequency  dynamo  available  at  the  laboratory. 
There  is,  however,  available  at  this  laboratory  one  of  the  latest  forms 
of  the  high-frequency  arc,  and  accordingly  this  was  arranged  with 
suitable  electromagnetic  constants  to  give  a  period  of  about  71,000 
S8734'*— «€  19U 10 
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cycles  per  second,  as  measured  by  a  standard  wave  meter  such  as  is 
now  commonly  used  in  wireless  telephony  and  tel^raphy.  This 
source  of  high-frequency  electromotiye  force  was  induced  upon  the 
high-frequency  line  wire  in  a  similar  manner  to  that  described  in  the 
station  at  the  Bureau  of  Standards,  with  the  result  that  one  of  the 
wires  of  the  twisted  pair  was  made  to  carry  edmultaneously  the  bat- 
tery telephonic  currents  from  the  two  transmitters,  the  high-frequency 
oscillations  of  about  100,000  cycles  per  second,  applied  at  the  Biu-eau 
of  Standards,  and  the  high-frequency  oscillations  of  about  71,000 
cycles  per  second,  applied  at  the  laboratory.  No  influence  from  these 
conditions  was  perceptible  upon  the  excellence  of  the  battery  trans- 
mission and  reception  of  speech  either  way. 

DUPLEX  TELEPHONT,   USING  METALLIC   CIRCUIT. 
(a)  BRmOmO  ▲RBANQBXEKT. 

The  next  experiments  pertained  to  the  standard  metallic  circuit 
as  universally  used  on  telephone  toll  lines  in  congested  districts. 
The  electric  constants  of  this  line  have  already  been  given. 

The  next  step  was  to  remove  entirely  the  earth  connections  from 
the  metaUic  circuit  and  superimpose  both  telephonic  circuits  upon 
the  same  pair  of  wires,  as  shown  in  figure  6,  in  which  the  high-fre- 
quency apparatus,  shown  diagramniaticaUy  in  figure  6,  is  bridged 
across  the  line  wires  A  and  A'.    6  is  the  source  of  sustained  high- 
frequency  oscillations;  Cj  is  the  tuning  condenser  of  the  oscillatory 
circuit;  Lj  is  the  tuning  coil  of  the  oscillatory  circuit;  P  is  the  pri- 
mary of  the  oscillation  transformer;  A  is  the  ammeter;  M  is  the 
transmitter  microphone;  S  is  the  secondary  of  the  oscillation  trans- 
former in  the  line  circuit ;  C  is  the  tuning  condenser  in  the  line  circuit ; 
L  is  the  tuning  inductance  in  the  line  circuit;  A^  is  the  ammeter  in 
the  line.    At  the  receiving  end  of  the  line,  C  is  the  line  tuning  con- 
denser; L'  is  the  line  tuning  inductance;  P'  is  the  primary  of  the 
oscillation  transformer;  S'  is  the  secondary  of  the  oscillation  trana- 
former;  L"  is  the  tuning  inductance  in  the  oscillatory  circuit;  C"  is 
the  tuning  condenser  in  the  oscillatory  circuit,  between  which  and 
the  telephone  F  the  detector  D  is  operatively  connected. 

The  local  battery  telephone  sets  are  connected  across  the  line  wires 
in  the  usual  maimer.  In  both  sets,  1  is  the  microphone  transmitter; 
2  is  the  local  battery;  3  is  the  induction  coil;  4  ia  the  ringing  system, 
including  the  bell  and  hand  generator;  5  is  the  switch  hook;  6  is  tixe 
telephone  receiver. 

Since  the  high-frequency  appu*atus  as  commercially  developed  in 
the  wireless  telegraph  art  was  used,  each  of  the  units  was  varial>le 
and  had  been  previously  carefully  caUbrated  by  reference  to  tlie 
standards  of  the  Bureau  of  Standards.    The  coupling  coils  were   of 
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the  design  adapted  for  wireless  telephony,  the  coefficient  of  coupling 
being  adjustable  between  wide  limits.  It  was  therefore  a  matter  of 
hours  to  run  through  a  lai^e  nimiber  of  experiments  in  which  various 
combinations  were  tried. 

The  transmitters  first  tried  were  those  of  the  microphone  type 
inserted  in  the  armature  circuit  of  the  dynamo  and  provided  with 
water  cooling  when  currents  of  several  amperes  were  to  be  used. 

It  was  soon  found,  however,  that  the  efficiency  of  transmission  of 
this  cable  line  was  so  good  for  electric  waves  of  these  frequencies  that 
a  very  small  current,  in  the  neighborhood  of  2  miUiamperes,  sent  into 
the  line  was  amply 
sufficient  for  good 
speech  at  the  re- 
ceiving end  about 
7  miles  distant. 
No  attempt  was 
made  to  determine 
to  what  lower  limit  the  transmission  current  could  reach  in  this 
respect,  but  such  small  currents  enabled  the  ordinary  telephone 
transmitter  to  be  used  without  any  provision  for  cooling,  especially 
when  it  was  inserted  in  the  Une  circuit  instead  of  in  the  armatiure 
circuit  of  the  dynamo. 

The  telephone  receivers  were  those  regularly  furnished  for  wireless 
telephony,  ranging  in  resistance  from  2,000  to  8,000  ohms. 

Resonance, — As  was  expected,  the  phenomena  of  resonance  under 


3> 


Fio.  5. 


&e  conditions  which  here  obtained  were  very  pronounced  and  highly 
consistent,  since  there  is  here  a  definite  circuit  free  from  the  disturb- 
ances and  variations  inherent  in  radio  telegraphy  and  telephony. 
In  wireless  telegraphy  and  telephony  it  is  well  known  that  within  a 
few  minutes  transmission  will  drop  off  many  fold  from  causes  not  en- 
tirely understood,  and  from  diurnal  variations  and  electrostatic  dis- 
turbances, effective  transmission  is  often  prevented. 
In  generali  the  different  circuits  were  tuned  to  resonance  in  the 

same  manner,  for  the  same  purpose,  and  with  the  same  effect  as  in 

wireless  telephony  and  telegraphy. 


Digitized  toy  CjOOQIC 


148  AJSfTHVAlj  BEPOET  8MITH80KIAN  INSTITUTION,  IWl* 

The  line  circuit  itself  was  readily  tuned  to  resonance  for  the  paiv 
ticular  frequency  of  the  dynamo  by  noting  the  maximum  reading  of 
the  hot  wire  anuneter  A^  in  the  line  itself.  This  maximum  is  readily 
found  by  varying  either  the  capacity  C  or  the  inductance  L,  or  botlu 

At  the  receiving  end  of  the  line,  coil  L'  and  the  condenser  C,  as  well 
as  the  coil  L''  and  the  condenser  C,  w^*e  tuned  to  give  a  maximum 
intensity  of  signals  in  the  receiving  telephone  of  the  audion. 

The  audion,  a  detector  of  the  so-<^alled  vacuum  type,  consists  of  an 
exhausted  bulb  containing  (a)  a  tungsten  filament  maintained  at  in- 
candescence by  a  current  from  a  local  battery  of  6  volts  and  (6)  two 
platinum  electrodes  insulated  from  the  filament  and  from  each  other. 
To  these  electrodes,  one  of  which  is  a  platinum  plate  and  the  other  a 
platinum  grid,  there  are  applied  through  the  high  resistance  receivers 
about  35  to  45  volts  from  a  local  battery.  The  brilliancy  of  the  fila- 
ment is  controlled  by  a  small  series  rheostat,  and  the  voltage  appUed 
to  the  insulated  terminals  by  a  local  potentiometer. 

The  gases  in  the  bulb,  becoming  ionized  by  contact  with  the  glowing 
electrode,  serve  as  a  conductor  of  electricity,  having  a  high  imilateral 
conductivity.  If  the  platinum  wire  grid  is  close  to  the  hot  filament 
and  the  plate  at  sonie  greater  distance,  the  direction  of  greater  con- 
ductivity is  from  the  plate  through  the  gas  by  the  ionic  path  to  the 
grid,  so  that  if  the  positive  terminal  of  the  telephone  battery  is  ap- 
plied at  the  plate  terminal  and  the  negative  at  the  grid  temmial,  a 
sufficient  current  to  operate  the  telephone  will  flow. 

If  the  terminals  of  the  condenser  of  a  resonant  receiving  circuit  are 
connected  to  the  grid  and  to  one  terminal  of  the  filament  the  high 
frequency  e.m.f.  impressed  from  this  resonant  circuit  will  cause  a 
greater  current  to  flow  through  the  gas  in  one  direction  than  in  the 
other,  as  in  the  case  of  the  direct-current  potential  applied  through 
the  telephone  receiver.  This  rectifying  effect  will  be  reproduced  in 
the  telephone  receivers,  causing  them  to  make  audible  the  received 
signals. 

By  changing  the  coefficient  of  coupling  or  the  potential  across  the 
audion,  which  is  adjustable,  or  the  amount  of  ionization  of  the  gases 
in  the  tube  by  adjusting  the  current  through  the  filament,  or  any 
combination  of  these,  it  was  found  that  the  receiving  operator  could 
bring  out  the  speech  to  suit  his  particular  fancy. 

As  stated  above,  the  dynamo  operated  regularly  at  ranges  frora 
100,000  cycles  per  second  down  to  20,000  cycles  per  second.  It  w^as 
therefore  possible  to  try  the  effect  of  a  comparatively  wide  range  of 
frequencies  in  these  experiments,  covering  tiiree  octaves,  the  induc- 
tances and  capacities  being  chosen  to  correspond  to  each  particular 
frequency.  It  was  found  that  more  energy  was  delivered  over  this 
particular  type  and  length  of  circuit  by  using  the  lower  frequencies  of 
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iins  range  than  the  higher  ones,  although  efficient  results  were  easQj 
obtained  at  any  point. 

The  battery  telephone  side  of  the  equipment  was  left  absolutely 
iatact,  as  it  would  be  commercially  used,  and  severe  tests  were  made, 
employing  four  operators,  to  determine  the  efficiency  of  two  simulta- 
neous conversations  over  this  same  pair  of  wires. 

The  ringing  circuit  was  operative  both  ways  with  no  apparent  effect 
on  the  high  frequency  telephone  transmission.     This  ringing  circuit 
develops  a  comparatively  large  alternating  ciurent  flowing  in  the  wire  • 
at  about  30  cycles  per  second  and  at  a  voltage  of  many  times  that  of 
either  the  high  frequency  or  the  battery  side  of  the  circuit. 

Articulation  tests,  including  music,  niunerals  and  other  difficult 
combinations,  gave  satisfactory  results,  with  no  interference  what- 
ever between  the  two  sides  of  the  circuit. 

By  holHiTig  one  telephone  receiver  to  one  ear  and  the  other  receiver 
to  ihe  other  ear  the  receiving  operator  could  hear  two  entirely 
different  conversations  simultaneously  over  the  same  pair  of  wires. 

(b)  sebues  arranosmbnt. 

A  circuit  was  next  made  up  with  high-frequency  apparatus  inserted 
directly  in  the  line  in  series,  instead  of  in  the  bridging  arrangement 
shown  in  figure  5.    The 


drcuit  used  is  shown  dia-  . 

grammatically  in  figure  7,  ^  ^ 

in  which  L  and  L'  are  the 
secondary   coils    of    the 


ic 


secondary   coiis    oi    the  i      l     I  i  I    1 1 

transmitter  and  receiver,  ^        T  ■!      ^ - Jf y 

resnectivelv.     C  and  C  ^-^-^  I ^"'^ 
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respectively.  C  and  C 
represent  variable  con- 
densers of  the  order  of  magnitude  used  in  wireless  telegraphy  and  serve 
as  low  impedance  paths  for  the  high-frequency  oscillations,  and  at  the 
same  time  prevent  the  short  circuiting  of  the  low-frequency  battery 
telephone  current.  It  was  found  that  this  arrangement  gave  appar- 
ently as  good  residts  as  the  bridging  arrangement  of  the  circuit. 

III.— DUPLEX-DIPLEX  TELEGRAPHY. 

Having  described  in  detail  the  experiments  for  obtaining  the 
simultaneous  transmission  of  two  telephonic  messages  over  a  single 
circiut,  it  will  be  apparent  that  the  problem  of  transmitting  two 
telegraphic  messages  over  the  same  circuit  may  be  solved  by  methods 
and  apparatus  as  far  as  the  high-frequency  side  of  the  circuit  is  con- 
cerned, which  are  practically  identical  with  those  described  above. 
In  this  connection  the  metallic  circuit  referred  to  was  equipped 
with  a  standard  Morse  set  for  manual  operation,  and  upon  this  cip- 


Digitized  by  CjOOQ  IC 


160 


ANNUAL  BEPOBT  8MITHSONIA*r  INSTITUTION,  1911. 


cuit  was  superimposed  an  equipment  for  transmitting  in  one  direction 
telegraphic  messages  by  means  of  sustained  high-frequency  oscilla- 
tions, employing  the  telephone  as  the  means  for  receiving  the  signals. 
The  circuit  used  is  shown  diagrammatically  in  figure  8,  in  which,  in 
the  Morse  set,  there  are  shown  between  the  line  wire  and  the  ground  G, 
the  line  relay  S,  the  key  K,  and  the  line  battery  B;  and  the  local 
battery  h  and  the  sounder  s;  and  in  which,  in  the  high-frequency 
set,  are  similarly  shown  between  the  line  wire  and  the  ground  6  the 
.  tuning  elements  C  and  L;  and  at  the  transmitting  end  the  oscillation 
transformer  T,  the  primary  of  which  is  in  circuit  with  the  dynamo 
as  a  source  of  sustained  oscillations,  the  telegraph  key  K',  the  inter- 
rupter I  and  the  tuning  elements  C^  and  W,  and  at  the  receiving  end 
the  oscillation  transformer  R  in  the  secondary  circuit  of  which  are 
included  the  usual  tuning  elements  and  operatively  connected  to 
them  the  detector  and  its  telephone  as  a  means  of  receiving  the 


As  noted  in  the  case  of  the  preliminary  local  circuit  tests,  it  was 
found  that  over  this  particular  line  it  was  not  necessary  to  use  a 


f^  ^ 


FlO.  8. 

detector  for  electromagnetic  waves,  since  enough  energy  was  deUv^red 
to  operate  the  telephone  receiver  by  connecting  it  directly  between 
the  line  and  the  earth. 

The  sound  produced,  however,  was  characteristically  different 
in  the  two  cases.  With  the  detector  the  individual  signals  had  the 
characteristic  tone  corresponding  to  the  interrupter  at  the  trans- 
mitting end  of  the  line,  whereas  without  the  detector  this  tone  was 
entirely  absent,  and  a  general  dull  sound,  due  to  the  resultant  action 
of  the  wave-trains  was  heard.  If,  however,  a  telephone  receiver  was 
employed  with  a  soft  iron  core,  instead  of  a  permanent  magnet,  no 
result  was  obtained  with  the  limited  power  used  on  this  line. 

Although  little  mention  of  telegraphy  by  high-frequency  electric 
waves  has  been  made  thus  far,  as  a  matter  of  fact  it  was  found, 
convenient  during   the   experiments   upon  telephony   aotually  to 
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employ  telegraphy  as  a  quick  and  ready  means  of  determining 
resonance  between  the  circuits  in  each  particular  case. 

When  any  particular  arrangement  was  being  employed  the  first 

steps  were  invariably  to  send  simple  Morse  signals  over  the  circuit 

until  the  operator  at  the  distant  end  of  the  line  reported  maximum 

loudn^s  in  the  receiving  telephone;  which  indicated  that  the  ter- 

mioal  apparatus  with  the  line  circuit  was  properly  timed.    This 

being  accomplished,  it  was  necessary  only  to  throw  a  switch  to 

substitute  for  the  automatic  interrupter  and    telegraph   key  the 

telephone  transmitter,  and  the  experiments  could  then  proceed  on 

telephony  without  any  material  change  being  made  at  the  receiving 

station.     Telephony  and  telegraphy  thus  proceeded  hand  in  hand 

as  a  mere  matter  of  convenience,  and  one  of  the  practical  advantages 

m  the  use  of  electric  waves  for  transmitting  intelligence  is  that  the 

whole  set-up  of  apparatus  is  practically  the  same  for  each  and  they 

can  be  used  interchangeably  over  the  same  circuit. 

Considering  the  Morse  equipment,  indicated  in  figure  8,  the  electro- 
magnetic units  involved  are  of  the  order  of  magnitude  of  microfarads 
and  henrys,  and  the  period  of  the  interrupted  direct  current  for 
Morse  sending  is  not  more  than  the  equivalent  of  about  10  complete 
cycles  per  second,  whereas  in  the  high-frequency  side  of  the  circuit 
the  electromagnetic  units  are  of  the  order  of  magnitude  of  thousandths 
of  a  xnicrof arad  and  of  thousandths  of  a  henry  and  with  frequencies 
not  less  than  2,000  times  greater  than  those  involved  in  manual 
Morse  sending.  Furthermore,  the  ohmic  resistance  of  the  line  which 
plays  a  prominent  part  in  limiting  the  distance  and  speed  of  Moine 
working,  is  comparatively  unimportant  in  the  case  of  electric  waves 
guided  by  wires.  The  operation  of  the  line  equipped  as  in  figure  8 
was  perfectly  satisfactory,  there  being  no  perceptible  interference 
between  the  two  messages  in  either  direction. 

Since  the  standard  telegraph  circuits  of  the  world  use  a  ground 
return,  this  same  equipment  was  arranged  to  operate  on  one  of  the 
wires  of  the  twisted-pair  in  the  telephone  cable  as  such  a  circuit 
with  earth  connections  at  each  end,  and  its  operation  was  equally 
successful. 

Since  it  is  a  well-known  characteristic  of  high-frequency  apparatus 
used  in  tuned  circuits  that  there  shall  be  no  iron  involved  in  the 
circuit,  it  is  evident  that  in  cases  where  such  a  high-frequency  cur- 
rent is  to  be  superimposed  upon  a  line  comprising  way  stations, 
where  line  relays  are  inserted  directly  in  the  circuit,  it  will  be  neces- 
sary and  suflEicient  to  shunt  such  way  stations  by  condensers  of  ih» 
order  of  magnitude  of  thousandths  of  a  microfarad.  Such  con- 
densers oflfer  a  comparatively  free  path  for  the  high-frequency  electric 
waves,  but  interpose  a  practical  barrier  to  the  Morse  frequencies. 
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The  same  general  statement  can  be  made  relative  to  any  of  the 
standard  forms  of  low-frequency  telegraphy  over  wires  as  now 
practiced,  such  as  the  polar  duplex,  the  differential  duplex,  and  the 
duplex-diplex,  employing  alternating  currents  of  low  frequency  and 
standard  keys,  relays,  and  soimders. 

Inserting  a  regular  150-ohm  telegraph  relay  in  series  in  the  line 
cuts  down  the  high-frequency  current  to  a  small  percentage  of  its 
original  value,  which  indicates  the  marked  influence  of  the  presence 
of  iron  in  such  a  circuit.  Furthermore,  it  was  noted  that  at  100,000 
cycles  the  hysteresis  of  the  iron  core  was  so  great  that  it  became 
heated  very  perceptibly  in  a  few  moments. 

Since  a  portion  of  the  telegraph  lines  now  used  is  still  composed 
of  iron  wires,  it  would  be  expected  that  electric  waves  would  be 
propagated  over  such  wires  less  efficiently  than  over  copper  wires, 
although  it  is  well  known  that  electric  waves  penetrato  only  about 
one-thirteenth  as  deeply  into  soft  iron  for  a  given  frequency  as  into 
copper,  but  this  is  modified  by  the  fact  that  the  iron  in  telegraph 
wires  is  not  soft  iron  and  in  addition  is  galvanized. 

[Section  4  of  this  paper,  giving  details  of  measurements  of  electric 
waves  of  frequencies  from  20,000  to  100,000  cycles  per  second  on  a 
standard  telephone  cable  line,  is  omitted  from  the  present  reprint 
by  the  Smithsonian  Institution.] 

SUMMARY. 

Radiotelegraphy  has  no  competitor  as  a  means  of  transmitting 
intelligence  between  ships  at  sea  and  between  ships  and  shore  stations, 
and  on  land  it  is  also  unique  in  its  usefulness  in  reaching  isolated 
districts  and  otherwise  inaccessible  points.  To  what  extent  it  may 
be  also  developed  to  furnish  j)ractical  intercommimication  according 
to  the  high  standard  now  enjoyed  in  thickly  populated  districts  it 
is  not  attempted  to  predict. 

The  foregoing  experiments  indicate  that  either  the  existing  wire 
system,  or  additional  wires  for  the  purpose  may  be  utilized  for  the 
efficient  transmission  of  telephonic  and  telegraphic  messages,  and 
the  former  without  interfering  with  the  existing  telephone  traffic  on 
these  wires. 

The  fact  that  each  of  the  circuits  created  by  the  use  of  super- 
unposed  high-frequency  methods  is  both  a  telephone  and  a  telegraph 
circuit  interchangeably,  makes  it  possible  to  offer  to  the  public  a  new 
type  of  service,  which  it  is  believed  will  offer  many  advantages  to 
the  commercial  world.  This  type  of  circuit  should  be  particularly 
applicable  to  press  association  service,  railroad  service,  and  leased 
wire  service  of  all  kinds. 

The  experiments  described  should  not  be  interpreted  as  in  any  way 
indicating  limitations  to  radio  telegraphy  and  telephony  in  the  ftiture, 
for  their  present  rapid  development  gives  justification  for  great  pros- 
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pect  for  the  future.  It  is  rather  considered  that  the  whole  system  of 
intercommumcation,  includiiig  both  wire  methods  and  wireless 
methods,  wiU  grow  apace,  and  as  each  advance  is  made  in  either  of 
these  it  will  create  new  demands  and  standards  for  still  further 
development.  We  need  more  wireless  tel^raphy  everywhere,  and 
not  leas  do  we  need  more  wire  telegraphy  and  telephony  everywhere 
and,  again,  more  submarine  cables.  The  number  of  submarine 
cables  connecting  Europe  with  America  could  be  increased  many 
times  and  all  of  them  kept  fully  occupied,  provided  the  traffic  were 
properly  classified  to  enable  some  of  the  enormous  business  which 
is  now  carried  on  by  mail  to  be  transferred  to  the  quicker  and  more 
efficient  cabl^ram  letter.  That  time  wiU  siu^y  come  when  the 
methods  of  electrical  intercommunication  will  have  been  so  developed 
and  multiplied  that  the  people  of  the  different  countries  of  the  world 
may  become  real  neighbors. 

Accustomed  to  the  methods  of  transmitting  energy  for  power  pur- 
poses by  means  of  wire,  it  is  a  matter  of  wonder  that  enough  energy 
can  be  delivered  at  a  receiving  antenna  from  a  transmitting  point 
thousands  of  miles  distant  to  operate  successfully  receiving  devices. 
The  value  of  a  metallic  wire  guide  for  the  eneigy  of  the  electric  waves 
is  strikingly  shown  in  the  above  experiments,  and  it  fmnishes  an 
efficient  directive  wireless  system  which  confines  the  ether  dis* 
turbances  to  closely  bounded  regions  and  thus  offers  a  ready  solution 
to  the  serious  problems  of  interferences  between  messages  which  of 
necessity  have  to  be  met  in  wireless  operations  through  space. 

The  distortion  of  speech,  which  is  an  inherent  feature  of  tele- 
phony over  wires,  should  be  much  less,  if  not  practically  absent, 
when  we  more  and  more  withdraw  the  phenomena  from  the  metal 
of  the  wire  and  confine  them  to  a  longitudinal  strip  of  the  ether  which 
foims  the  region  between  the  two  wires  of  a  metallic  circuit. 

The  ohmic  resistance  of  the  wire  as  shown  can  be  made  to  play  a 
comparatively  unimportant  part  in  the  transmission  of  speech,  and 
the  more  the  phenomena  are  of  the  ether,  instead  of  metaUic  con- 
duction, the  more  perfectly  will  the  modified  electric  waves,  which 
are  the  vehicle  for  transmitting  the  speech,  be  delivered  at  the  receiv- 
ing point  without  distortion. 

It  has  been  shown  that  the  phenomena  of  r^onance,  which  are 
met  with  in  so  many  different  branches  of  physics,  exhibit  very 
striking  and  orderly  results  when  apphed  to  electric  waves  propagated 
by  means  of  wires.  By  utilizing  this  principle  it  has  been  shown 
that  the  receiving  current  at  the  end  of  the  line  may  be  built  up  and 
amplified  many  times  over  what  it  would  be  with  imtimed  circuits. 

The  timed  electrical  circuit  at  the  receiving  end  readily  admits 
dectromagnetic  waves  of  a  certain  definite  frequency,  and  bars 
from  entrance  electromagnetic  waves  of  other  frequencies.  This 
penmts  the  possibihty  of  utilizing  a  single  circuit  for  multiplex 
telephony  and  telegraphy. 
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RECENT  EXPERIMENTS  WITH  INVISIBLE  LIGHT.* 
[mth  6  plates.] 


By  R.  W.  Wood,  LL.  D., 
Profe99or  of  ExpenmenUd  Phy$ic9,  Johns  Hophint  Univenitp. 


By  far  the  greater  proportion  of  the  discoveries  which  have  been 
made  in  natural  science  up  to  the  present  time  depend  upon  observa- 
tioDs  made  with  the  eye,  either  with  or  without  the  aid  of  optical 
instruments.  The  eye  is,  however,  sensitive  to  only  a  very  small 
part  of  the  total  radiation  which  reaches  it,  and  it  seems  not  imlikely 
that,  if  its  range  could  be  extended,  many  new  phenomena  would 
immediately  come  to  light.  By  the  employment  of  photography  and 
of  instruments  which  detect  and  measure  the  intensity  of  the  infra- 
red or  heat  rays,  much  new  information  has  been  gathered,  especially 
in  the  science  of  spectroscopy;  but  usually  these  methods  have  been 
appUed  only  in  cases  where  the  invisible  radiations  were  known  to  be 
present.  It  seemed  quite  probable  that  if  photographic  methods 
were  applied  to  various  physical  phenomena  which  excluded  the 
action  of  any  but  invisible  rays,  new  facts  would  probably  be  dis- 
covered. I  can  illiistrate  what  I  mean  by  taking  two  strildng  cases 
which  were  found  at  the  very  outset  of  the  investigation,  and  which 
win  be  more  fully  discussed  presently. 

If  the  finger  be  dipped  into  powdered  zinc  oxide  and  rubbed 
over  a  sheet  of  white  paper,  eye  observation  is  absolutely  unable 
to  detect  the  presence  of  the  streaks  made  by  the  white  powder, 
mdess  it  has  been  very  thickly  applied.  If,  however,  we  photo- 
graph the  paper  with  ultra-violet  light  we  obtain  a  pictm-e  in  which 
the  streaks  are  as  black  as  if  made  with  powdered  charcoal.  This 
suggests  that  if  we  apply  the  process  to  the  photography  of  the  moon 
and  planets,  we  have  some  reason  to  suspect  that  substances  which 
can  not  be  detected  visually  may  come  out  in  the  photographs,  a 
surmise  which  has  been  justified  in  one  case  at  least.  This  and 
other  similar  cases  will  be  taken  up  in  detail  presently. 

As  an  illiistration  of  how  the  method  may  be  applied  to  the  inves- 
tigation of  various  physical  phenomena,  we  may  take  another 
interesting  case,  in  which  a  new  radiant  emission  from  the  electric 
spark  has  been  discovered.    It  was  suspected  that  the  very  short 

^  XActure  before  the  Royal  InsUtution  of  Great  Britain,  Friday,  Kay  19, 1911.    Reprinted  by  permlssloa 
from  aatlior'8  separate  of  Proceedings  of  the  Royal  Institation. 

155 


Digitized  by  CjOOQIC 


156  ANNUAL  EEPOBT  SMITHSONIAN  INSTITUTION,  1911. 

waves  discovered  by  Schumann,  which  are  powerfully  absorbed  by 
air,  might  possibly  render  the  air  fluorescent|  the  emitted  light  being 
invisible,  however,  on  account  of  its  short  wave  length.  A  heavy 
spark  discharge  was  accordingly  placed  behind  a  small  disk  of  metal, 
which  cut  off  all  the  direct  light,  and  the  surrounding  r^on  photo- 
graphed with  a  quartz  lens,  which  is  transparent  to  the  ultra-violet 
rays.  It  was  found  that  the  air  in  the  neighborhood  of  the  spark 
actually  did  give  off  actinic  invisible  rays,  the  photograph  giving 
the  impression  of  a  luminous  fog  surrounding  the  metal  disk. 

I  will  now  show  you  an  experiment  which  illustrates  that  two  objects 
which  can  not  be  distinguished  under  ordinary  illumination  may 
appear  quite  different  when  the  light  which  illuminates  them  is 
restricted  to  certain  regions  of  the  spectrum.  I  have  here  two  pieces 
of  scarlet  silk  which  can  not  be  distinguished  the  one  from  the  other 
in  the  light  of  the  incandescent  electric  lamps  which  illuminate  this 
room.  I  now  extinguish  the  lamps  and  place  the  two  pieces  of  silk 
under  this  Cooper-Hewitt  mercury  arc  lamp,  and  as  you  see,  one  of 
them  still  appears  scarlet  as  before,  while  the  other  appears  very  dark 
blue,  almost  black,  in  fact.  The  peculiarity  of  the  mercury  lamp  lies 
in  the  fact  that  it  gives  out  little  or  no  red  light,  consequently  red 
objects  in  general  appear  almost  black.  The  peculiarity  of  this 
particular  piece  of  silk,  by  virtue  of  which  it  appears  quite  as  red  as 
in  ordinary  lights,  lies  in  the  fact  that  the  red  dye  with  which  it  is 
colored  is  fluorescent  under  the  action  of  the  green  rays  from  the 
lamp;  the  red  light  is  manufactured,  so  to  speak,  from  the  green 
light  by  the  coloring  matter  of  the  sUk.  If  I  place  the  arc  lamp 
and  the  piece  of  silk  behind  this  large  sheet  of  red  glass,  you  will 
observe  that  the  fabric  is  actually  brighter  than  the  lamp  itself, 
probably  eight  or  ten  times  as  bright.  We  can  form  an  image  of  the 
lamp  on  the  silk  with  a  lens,  and  the  image  will  be  many  times 
brighter  than  the  lamp,  which  might  be  taken  as  a  refutation  of  the 
old  and  weU-known  theorem  in  optics  that  no  optical  system  can 
yield  an  image  brighter  than  the  source  (1)  Here  is  another  piece  of 
white  silk  upon  which  I  have  made  some  red  spots  with  this  same 
dye.  By  the  ordinary  illumination  of  the  room  it  is  seen  to  be  white, 
with  large  pink  polka  dots,  something  quite  suitable  for  a  young  lady's 
summer  gown.  I  now  place  it  behind  the  red  screen  imder  the 
mercury  arc  and  it  at  once  becomes  quite  diabolical  in  appearance, 
bluish-black  with  flaming  spots  of  scarlet,  entirely  unsuitable  for  the 
aforementioned  purpose.  The  dye  which  was  iised  for  coloring 
these  fluorescent  fabrics  was  rhodamin.  The  conditions  of  iUumina- 
tion  and  observation  are,  of  course,  rather  special  in  these  cases,  and 
I  have  introduced  them  merely  to  illustrate  how  the  eye  may  be 
deceived  under  certain  conditions. 
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Practically  all  sources  of  light  id  ordinary  use  give  out  more  or 
less  ultra-violet  light  which  plays  ho  part  in  vision,  but  which  can  be 
rendered  apparent  in  various  ways.  I  have  on  the  table  a  new 
arrangement  by  which  these  rays  can  be  separated  from  the  visible 
ones.  The  apparatus  is  practically  identical  with  the  device  quite 
recently  used  by  Prof.  Rubens  and  myself  for  isolating  the  longest 
heat  waves  that  have  been  discovered  up  to  the  present  time.  It 
can  be  used  as  well  for  the  isolation  of  the  ultra-violet,  since  its 
action  depends  upon  the  high  refractive  index  which  quartz  has  for 
these  two  types  of  radiation.  The  source  is,  in  this  case,  an  electric 
spark  contained  in  this  box,  and  the  ultra-violet  rays  are  brought  to 
a  focus  upon  a  small  circular  aperture  in  a  cardboard  screen.  The 
focal  length  of  the  lens  is  so  much  greater  for  visible  light  that  these 
rays  do  not  come  to  a  focus  at  all,  but  are  spread  over  a  circular  area 
of  a  diameter  nearly  half  that  of  the  lens. 

A  penny  has  been  fastened  to  the  center  of  the  lens  with  wax,  and 
this  shields  the  aperture  from  the  cone  of  visible  rays  coming  from 
Uie  central  portions  of  the  lens.  If  I  hold  a  sheet  of  white  paper 
above  the  aperture  you  observe  that  it  remains  dark — that  is,  no 
visible  rays  pass  through  to  the  paper;  if,  however,  I  substitute  for 
the  paper  this  mass  of  uranium  nitrate  crystals,  the  presence  of  the 
ultra-violet  rays  is  made  manifest,  the  crystals  shining  with  a  brilliant 
green  light. 

Certain  vapors  shine  with  a  brilliant  light  when  exposed  to  these 
invisible  rayTs.  One  of  the  most  striking  is  the  vapor  of  metallic 
marcury,  which  I  can  show  you  by  boiling  the  metal  in  this  flask  of 
fused  quartz  placed  above  the  apertiu^.  The  metal  is  boiling  now, 
and  you  can  all  see  the  brilliant  cone  of  green  light  which  marks  the 
path  of  the  ultra-violet  rays  through  the  metallic  vapor.  If  I  hold 
a  thin  sheet  of  glass  between  the  aperture  and  the  flask,  you  vnil 
observe  that  the  vapor  instantly  becomes  dark,  for  the  glass  stops 
completely  the  rayB  in  question. 

The  vapor  of  mercury  exhibits  an  absorption  band  in  the  ultra- 
violet r^on  which  resembles  the  band  at  wave-length  5893  shown 
by  dense  sodium  vapor.  So  powerful  is  this  absorption  that  I  have 
detected  it  in  the  vapor  of  mercury  at  room  temperature.  It  occurred 
to  me  that  this  light  instead  of  being  absorbed  might  possibly  be 
reemitted  by  the  vapor  laterally  in  all  directions.  To  test  this  point 
I  sealed  up  a  drop  of  mercury  in  an  exhausted  flask  of  quartz,  and 
focused  the  Ught  of  the  mercury  arc  (burning  in  a  silica  tube)  at  the 
center  of  the  bxilb,  which  was  not  heated.  The  bulb  was  then  photo- 
graphed with  a  quartz  lens,  and  the  picture  clearly  showed  the  cone 
of  focused  rajrs  precisely  as  if  the  bulb  were  filled  with  smoke.  This 
is  another  very  good  example  of  how  new  discoveries  may  be  made 
by  ultra-violet  photography. 
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If  the  object  to  be  photographed  gives  off  visible  rajrs  in  addition 
to  the  invisible  ones,  it  is  necessary  to  remove  these  by  a  suitable 
screen  or  ray  filter.  We  wiSL  begin  by  considering  some  remarkable 
effects  which  are  obtained  when  sunht  land8ca}>es  are  photographed 
by  means  of  the  obsciu^  rays  at  the  extreme  red  end  of  the  spectrum. 
A  screen  can  be  prepared  which  transmits  these  rays,  and  is  at  the 
same  time  opaque  to  all  other  radiations,  by  combining  a  sheet  of  the 
densest  blue  cobalt  glass  with  a  solution  of  bichromate  of  potash  or 
some  suitable  orange  dye. 

Such  a  screen  transmits  a  region  of  the  spectrum  comprised 
between  wave  lengths  6900  and  7500.  Though  this  region  is  visible 
to  the  eye  if  all  other  rays  are  cut  off,  it  is  so  feeble  in  its  action  that 
it  plays  no  part  in  ordinary  vision,  being  overpowered  by  the  other 
radiations.  We  may  thence,  for  convenience,  call  photographs  made 
through  such  a  screen  infra-red  pictures,  though  the  infra-red  region 
is  usually  considered  as  beginning  at  the  point  where  all  action  upon 
the  human  retina  ceases. 

The  photographs  which  I^am  now  going  to  show  you  were  taken 
through  such  a  screen,  with  Uie  spectrum  plates  made  by  Wratten  and 
Wainwright.  The  time  of  exposure  was  about  three  minutes  in  full 
sunlight,  with  the  lens  stop  set  at//8.  The  views  were,  for  the  most 
part,  made  in  Sicily  and  Italy,  and  have  a  very  curious  appearance, 
for  while  the  sky  comes  out  in  all  of  them  almost  as  black  as  mid- 
night, the  foliage  of  the  trees  and  the  grass  come  out  snow  white. 
This  peculiar  effect  results  from  the  failure  of  the  atmosphere  to 
scatter  these  long  rays.  The  green  leaves,  however,  reflect  them  very 
powerfully,  or,  more  correctly,  transmit  them,  since  we  are  dealing 
with  pigment  or  transmission  color.  If  we  look  at  a  landscape 
through  the  screen,  carefully  protecting  the  eye  from  all  extraneous 
light  with  a  black  cloth,  we  shall  find  that  the  trees  shine  with  a 
beautiful  rich  red  light  against  a  black  sky.  This  condition  obtains 
only  on  very  clear  days,  for  the  presence  of  the  least  haze  in  the  air 
enables  it  to  scatter  the  long  rays,  and  you  will  notice  that  in  those 
pictures  which  show  the  sky  down  to  the  horizon  there  is  a  pro- 
gressive increase  in  its  luminosity  as  we  pass  from  the  zenith  down- 
ward, as  a  result  of  the  greater  thickness  of  the  mass  of  air  sending 
the  scattered  rays  to  the  camera. 

Another  point  to  be  noticed  is  the  intense  blackness  of  the  shadows 
in  the  infra-red  pictures,  due  to  the  fact  that  most  of  the  light  comes 
directly  from  the  sun  and  little  or  none  from  the  sky,  which  reminds 
one  forcibly  of  the  conditions  which  obtain  on  the  moon,  where 
there  is  no  atmosphere  at  all  to  form  a  luminous  sky. 

When  we  come  to  the  subject  of  photographs  made  with  ultra- 
violet light,  we  shall  find  that  we  have  the  conditions  reversed,  for 
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practically  all  of  these  very  short  waves  are  scattered  by  the  atmos- 
phere, and  we  have  no  shadows  even  in  full  sunlight. 

We  will  now  run  through  the  series  of  infra-red  pictures  as  rapidly 
as  possible,  for  I  have  a  consi&erable  number  of  them.  The  one 
which  is  on  the  scre^i  is  one  of  the  finest  in  the  collection  (pi.  1).  It 
was  made  in  the  park  at  Florence,  and  shows  the  long  drive,  over- 
sbadowed  by  trees,  the  one  in  the  foregroxmd  being  particularly  fine 
in  appearance.  The  next  one  (pi.  2)  was  made  at  the  bottom  of 
one  of  the  old  quarries  or  latomise  at  Syracuse,  the  view  looking  out 
through  a  cavelike  formation  at  a  group  of  almond  trees,  with  which 
the  quarry  is  overgrown. 

Here  is  a  fine  row  of  cypresses  growing  by  an  old  gate,  taken  on 
a  somewhat  hazy  day,  with  the  sky  appearing  a  little  lighter  than 
usual.  Some  of  the  pictures  show  the  advantage  gained  in  bringing 
out  the  detail  of  distant  objects  seen  through  the  atmospheric  haze, 
and  it  does  not  seem  impossible  that  photographs  of  the  brighter 
planets  made  through  an  infra-red  screen  might  prove  interesting  if 
the  planets  are  surrounded  by  a  light  scattering  atmosphere,  for  we 
must  bear  in  mind  that  the  surface  of  the  earth,  as  seen  from  a  neigh- 
boring planet,  would  be  seen  through  a  luminous  haze,  equal  in 
brilUance  to  the  blue  sky  on  a  clear  day;  that  is,  it  would  present 
much  the  same  appearance  as  is  presented  by  the  moon  when  seen  at 
noonday. 

We  will  now  look  into  the  question  of  how  things  would  appear  if 
our  eyes  were  sensitive  only  to  ultra-violet  light.  In  applying  ihe 
same  method  which  we  have  used  for  the  infra-red,  we  require  a 
screen  which  is  opaque  to  all  visible  light,  but  which  transmits  the 
ultra-violet. 

Glass  is  opaque  to  these  ra3^,  cutting  them  off  almost  completely, 
and  for  this  reason  we  can  not  employ  glass  lenses.  Quartz,  on  the 
other  hand,  is  exceedingly  transparent  to  these  invisible  rays,  but  it 
is  a  little  difficult  to  find  a  medium  which  is  transparent  to  them  and 
at  the  same  time  quite  opaque  to  visible  light.  Indeed,  there  is  only 
one  substance  known  which  completely  fulfills  such  a  condition, 
namely,  metallic  silver.  If  we  deposit  chemically  a  thin  film  of 
metallic  silver  on  the  surface  of  a  quartz  lens,  a  certain  amount  of 
ultrarviolet  radiation  between  3000  and  3200  is  able  to  struggle 
through  and  form  an  image  on  the  plate. 

I  have  used  silver  films  through  which  the  filament  of  a  tungsten 
lamp  is  invisible.  The  best  thickness  is  that  at  which  the  tungsten 
lamp  is  just  barely  discernible.  If  the  objects  to  be  photographed 
axe  illuminated  with  the  light  of  an  electric  spark,  or  some  other 
source,  rich  in  ultra-violet  rays,  much  thinner  filtna  of  silver  can  be 
employed,  but  in  the  case  of  simlight,  which  has  passed  through  the 
earth's  atmosphere,  the  ultrarviolet  in  the  region  for  which  silver  has 
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its  lowest  reflecting  power  and  greatest  transparency  Jias  been  so 
tremendously  weakened  by  atmospheric  absorption,  that  it  is  neces- 
sary to  employ  thick  films  and  long  exposures,  otherwise  the  action 
upon  the  photographic  plate  results  chiefly  from  the  violet  and  ultra- 
violet rays,  which  are  capable  of  traversing  glass. 

As  an  illustration  of  the  behavior  of  silver  films  of  different  thick- 
nesses, used  as  ray  filters,  we  may  take  some  pictiu'es  which  were 
made  for  the  piupose  bf  studying  the  reflectii^  power  of  various 
metals,  suitable  for  telescope  mirrors,  for  idtra-violet  photography. 
Aft  silver  reflects  only  about  4  per  cent  of  the  ultra-violet  in  the 
spectrum  range  for  which  it  is  transparent,  a  silvered  glass  reflecting 
telescope  for  this  purpose  is  obviously  out  of  the  question.  Speculum 
metal  is  fairly  suitable,  but  speculum  mirrors  of  large  size  are  trouble- 
some, and  difficult  to  procure.  I  accordingly  worked  out  a  method 
of  depositing  nickel  on  glass.  The  glass  is  first  silvered,  and  then 
electro-plated  with  nickel,  by  a  process  which  I  have  described 
recently  in  the  Astrophysical  Journal  (Dec.,  1911).  The  double 
sulphate  of  nickel  and  ammonia  is  used  with  one  or  two  dry  cells. 
The  solution  must  be  very  dilute  (10  grams  or  less  to  the  liter), 
otherwise  the  nickel  strips  the  silver  from  the  glass.  We  have  here 
four  pictures  of  a  silvered  glass  dish,  partiaUy  plated  with  nickel 
(pi.  3,  fig.  1).  The  silvered  portion  is  marked  Ag,  the  nickel  Ni, 
while  at  G  we  have  a  spot  of  clear  glass  from  which  the  metal  has 
been  removed.  The  dish  stands  against  a  flat  plate  of  poUshed 
speculum  metal  Sp,  and  the  metal  surfaces  reflect  the  light  of  the 
sky  to  the  camera.  The  first  pictiu^  was  made  by  blue  and  violet 
light  without  any  ray  filter,  and  as  you  see  the  glass  surface  G  is 
quite  black,  while  the  silver  reflects  much  more  powerfully  than  the 
nickel.  The  following  three  pictures  were  made  with  a  quartz  lens, 
coated  with  silver  films  of  increasing  thickness.  The  silver  and 
nickel  reflect  to  about  the  same  d^ree  in  the  second  picture,  in  the 
third  the  silver  is  much  darker  than  the  nickel,  while  in  the  fourth 
the  silver  is  seen  to  reflect  no  more  than  the  spot  of  clear  glass  G. 
This  last  was  made  through  a  film,  through  which  a  tungsten  lamp 
was  invisible.  If  these  ultra-violet  rays  were  visible  to  us,  metallic 
silver  would  appear  to  have  about  the  same  reflecting  power  and 
appearance  as  anthracite  coal. 

We  will  next  take  up  the  action  of  our  atmosphere  on  these  ultra- 
violet rays.  I  have  taken  two  photographs  of  a  man  standing  in  tho 
road  in  full  sunshine,  in  the  one  case  by  ordinaiy  light  and  in  tho 
other  by  ultrarviolet  radiation.  In  the  latter  the  shadow  is  com- 
pletely absent.  Ultra-violet  behaves  in  exactly  the  opposite  way  to 
the  infra-red.  The  infrarred  rays  are  enabled  to  drive  through  th.o 
atmosphere  without  being  scattered  laterally  by  the  molecules  of  th.o 
air  or  the  dust  particles.    The  short  or  ultra-violet  rays,  on  the  other 
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Park  in  Florence.    Photographed  by  Infra-Red  Rays. 
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Quarry  in  Syracuse.    Photographed  by  Infra-Red  Rays. 
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hand;  are  completely  scattered,  so  that  the  greater  part  of  the  ultra- 
violet light  which  reaches  the  surface  of  the  earth  comes  from  the  sky 
and  not  directly  from  the  sun.    If  our  eyes  were  sensitive  only  to 
ultra-violet  we  should  find  the  world  appearing  not  greatly  different 
from  the  aspect  which  obtains  at  the  time  of  light  fog.    We  should, 
indeed,  see  the  sun,  but  it  would  be  very  dull,  and  there  would  be  no 
shadows,  just  as  there  are  none  on  a  foggy  day.    We  shoidd  walk  the 
earth  like  Peter  Schlemeil,  the  shadowless  man  of  the  German  fable. 
The  next  picture  (pi.  3,  fig.  2)  illustrates  the  opacity  of  ordinaiy 
wmdow  glass  to  ultra-violet  radiation.    It  will  be  noticed  that  there 
is  no  trace  of  the  landscape  seen  through  the  glass  window,  although 
it  is  clearly  rendered  in  the  companion  picture  taken. with  visible  light. 
Another  difference  to  be  noted  in  these  pictures  is  that  the  flowers  in 
the  garden,  which  are  white  in  the  picture  taken  with  visible  light, 
disappear  entirely  in  the  picture  taken  by  means  of  the  ultra-violet 
radiation.    The  white  garden  flowers  become  almost  black,  as  is 
shown  in  plate  4,  figure  1,  which  shows  white  phlox  photographed  by 
visible  and  ultra-violet  light.    It  occurred  to  me  that  this  ability  of 
the  white  flowers  to  absorb  the  ultra-violet  rays  might  play  some 
economic  part  in  the  growth  of  the  plant.    I  therefore  experimented 
with  some  flowers  which  had  been  grown  under  glass,  and  had  thus 
been  deprived  of  idtra-violet,  but  I  was  imable  to  find  any  marked 
difference  between  those  which  had  been  grown  in  the  open  and 
others  which  had  been  deprived  of  their  full  quota  of  this  radiation. 
It  is  possible  that  if  the  experiments  were  carried  on  through  the 
course  of  a  number  of  generations,  we  should  find  a  difference.    I 
have  foitnd,  however,  that  all  white  flowers  are  not  equally  dark  when 
photographed  with  ultra-violet  light.    White  geraniums,  for  example, 
come  out  much  lighter  than  common  white  phlox,  which  is  practically 
black  when  photographed  through  the  silvered  quartz  lens. 

In  order  to  demonstrate  the  difference  in  the  appearance  of  one  of 
the  common  pigments  when  viewed  respectively  with  visible  light  and 
with  ultra-violet  radiation,  some  letters  were  painted  in  Chinese  white 
on  a  page  of  a  magazine.  In  the  photograph  (pi.  4,  fig.  2)  taken  with 
visible  Ught  the  Chinese  white  appears  as  white  as  the  paper  itself,  if 
not  indeed  whiter;  but,  photographed  with  the  ultra-violet  radiation, 
it  comes  out  absolutely  black.  One  may  say  that  what  is  Chinese 
white  in  visible  light  becomes  Japan  black  in  ultra-violet.  Under 
this  radiation  also  black  printer's  ink  becomes  lighter  than  in  visible 
light.  This  failure  in  the  reflecting  capacity  of  Chinese  white  is  a 
source  of  somie  annoyance  in  reproducing  drawings  executed  in  part 
in  this  medium,  as  has  been  pointed  out  by  Mr.  A.  J.  Newton.  In 
working  with  my  Chinese  white  I  made  a  mistake  in  one  letter  in  the 
word  "  appears,"  and  carefully  wiped  it  out,  leaving  no  trace  of  the 
38734**— en  1911 ^11 
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correction  discemable  in  visible  light;  but  when  the  photograph  was 
made  with  the  ultra-violet,  the  erasure,  otherwise  invisible,  showed  as 
a  black  smudge.  The  ultra-violet  camera  is  evidently  very  much 
more  sensitive  than  the  eye  to  the  presence  of  traces  of  Chinese  white 
on  the  printed  page,  for  so  far  as  I  coidd  see  every  particle  of  the 
pigment  had  been  removed.  Whether  this  has  any  bearing  upon  the 
detection  of  forgeries  has  yet  to  be  discovered. 

Another  class  of  work  in  which  this  comparative  study  is  likely  to 
be  of  service  is  the  photography  of  celestial  bodies.    For  the  full 
moon  the  exposm-e  through  the  silver  screen  was  two  minutes  with 
ultra-violet  %ht  belonging  to  the  region  3000  to  3200.    This  length 
of  exposing  necessitated  an  equatorial  telescope  with  some  means  of 
driving  it  to  compensate  for  the  moon's  movement.    The  support  for 
my  telescope  was  the  framework  of  an  old  bicycle  minus  the  wheels. 
This  carried  a  4-inch  refractor  and  a  quartz-silver  telescope,  and  by 
the  operation  of  a  little  screw  it  was  possible  to  follow  the  moon 
accurately  for  half  an  hom*.    It  will  be  seen  at  once  (pi.  5)  that  there 
is  very  httle  diflFerence  between  the  ordinary  image  of  the  moon  and 
the  one  which  is  shown  us  by  the  ultra-violet  radiation.    Nevertheless 
in  the  neighborhood  of  Aristarchus,  which  is  the  brightest  crater  on 
the  lunar  surface,  the  photograph  taken  with  the  ultra-violet  rays 
shows  a  dark  patch  which  is  absent  on  the  one  taken  with  visible 
light.    I  made  an  enlargement  of  the  region  in  which  this  crater 
appears,  and  it  is  evident  that  there  is  in  its  neighborhood  a  large 
deposit  of  some  material  which  can  only  be  brought  out  by  means  of 
the  ultra-violet.    These  photographs  of  the  moon  make  it  appear 
extremely  probable  that  by  canying  on  experiments  of  this  nature 
on  a  larger  scale  we  might  get  a  good  deal  of  new  information  as  to 
the  materials  of  which  the  moon  is  composed.    It  is  possible  to 
examine  the  igneous  rocks  of  the  earth  under  the  different  *!radiations, 
and  then  compare  them  with  the  pictures  of  celestial  objects  obtained 
at  the  same  wave-lengths.    I  have  found  that  some  rocks,  which  when 
illmninated  by  ultra-violet  rays  appear  darker  than  others,  are  lighter 
than  the  others  in  visible  light. 

[Note  added  October,  1911.] 

[I  have  had  constructed  a  16-inch  mirror  of  26-feet  focus  which 
I  have  coated  with  nickel,  for  extending  the  study  of  the  ultra- 
violet photography  of  the  moon  and  planets.  This  is  now  being  used 
in  combination  with  a  plate  of  the  new  ultra-violet  glass,  12  centi- 
meters square  and  1  millimeter  thick,  heavily  silvered.  The  plate 
was  made  by  Zeiss,  and  I  find  that  it  is  quite  as  transparent  as  quartz 
for  the  rays  transmitted  by  the  silver  filter.  This  reflector  -was 
mounted  on  the  23-inch  equatorial  of  Princeton  University,  and 
some  very  fair  pictures  have  been  obtained,  though  the  moon's  motion 
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in  declination  could  not  be  followed  with  sufficient  accuracy  to 
secure  the  best  results,  figure  7  (pL  5)  shows  two  views  of  the 
region  around  Aristarchus  (indicated  by  an  arrow),  one  made  with 
yellow,  the  other  with  ultra-vic^et  light.  The  dark  deposit  to  the 
light  of  the  bri^t  crater  comes  out  very  clearly  in  the  latter.  The 
markings  to  the  ri^t  of  this  region  are  quite  different  in  the  two 
pictures.  Immediately  below  the  pictures  of  the  moon  are  three 
photc^Tttphs  made  of  two  samples  of  volcanic  'Huff"  arranged  one 
upon  the  other,  with  the  crater  Aristarchus  marked  with  white  chalk 
(as  a  check  upon  the  exposure).  The  left-hand  picture  was  made 
with  yellow  light,  and  the  central  specimen  is  lighter  than  the  one 
suiTounding  it.  The  right-hand  one  was  made  with  ultra-violet, 
and  shows  the  central  specimen  distinctly  darker.  The  middle 
picture  was  taken  with  violet  light,  which  shows  the  two  specimens 
of  veiy  nearly  the  same  luminosity.  I  made  an  analysis  of  the 
fragment  of  tuff  which  photographed  dark  in  ultra-violet  light,  and 
found  that  it  contained  iron  and  traces  of  sulphur.  Photographs  of 
rocks  stained  with  iron  oxide  did  not  show  the  required  pecuharity, 
and  I  accordingly  attributed  the  result  to  the  sulphur.  A  light  deposit 
of  sulphur  was  formed  on  the  surface  of  a  piece  of  light-gray  rock  by 
directing  a  fine  jet  of  sulphur  vapor  against  it.  The  deposit  was  so 
slight  that  absolutely  no  trace  of  it  could  be  detected  by  tbe  eye.  The 
specimen  was  then  photographed  with  yellow,  violet,  and  ultra- 
violet light,  and  it  was  found  that  the  deposit  was  quite  invisible  in 
the  first  picture,  faintly  visible  in  the  second,  and  quite  black  in  the 
third — precisely  the  pecuharity  shown  by  the  deposit  smroimding 
the  crater  Aristarchus.  Plate  6,  a,  6,  c,  show  the  gradual  appearance 
of  the  deposit,  which  is  an  oval  spot  in  the  center  of  the  specimen.  I 
feel  inclined,  therefore,  to  attribute  this  spot  to  an  extensive  deposit 
of  sulphur,  resulting  from  vapor  ejected  from  the  crater.  The  shape 
and  vast  extent  of  the  deposit  has  always  suggested  to  me  that  it 
resulted  from  material  driven  out  in  a  volcanic  blast.] 

Returning  now  from  the  moon  to  the  physical  laboratory,  we  will 
consider  a  further  phenomenon  which  has  been  discovered  and  studied 
by  means  of  photography  in  the  ultra-violet  region.  The  vapor  of 
mercury  has  an  absorption  band  in  this  region  at  wave  length  2536, 
which  I  have  made  the  subject  of  a  somewhat  extended  investigation. 
At  low  pressures  the  line  is  very  narrow,  resembling  one  of  the  D 
lines  of  sodium,  and  I  have  detected  its  presence  in  mercury  vapor 
at  room  temperature  by  employing  a  tube  3  meters  long  closed  with 
quartz  plates.  It  occurred  to  me  that  this  vapor  might  prove  to 
be  the  substance  which  I  have  long  sought  for  the  study  of  what  I 
have  named  resonance  radiation,  i.  e.,  a  re-emission  of  light  by  absolv- 
ing molecules,  of  precisely  the  same  wave  length  as  that  of  the  light 
absorbed*    Sodium  vapor  was  fo\md  to  exhibit  the  phenomenon, 
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but  the  experimental  diflSculties  were  so  great  that  very  little  was 
accomplished.  A  small  box  was  made  of  brass  and  square  plates  of 
quartz.  The  inside  was  varnished  and  blackened  with  soot,  a  drop 
of  mercury  introduced,  and  the  box  exhausted.  The  camera  with  its 
quartz  objective  was  now  trained  on  the  box,  and  a  beam  of  light 
from  a  mercury  lamp  (quartz)  focused  at  the  center  of  the  box. 
Though  the  eye  could  see  no  trace  of  the  cone  of  rays,  the  photc^raph 
brought  it  out  as  distinctly  as  if  the  box  was  full  of  smoke.  An  ex- 
po6iu*e  of  only  1  second  was  necessary,  and  with  a  lO-second  expo- 
sure the  spectrum  of  the  light  scatt^^  by  the  vapor  was  secured. 
It  was  found  to  consist  of  a  single  line  only  (the  2536  line),  though  the 
light  entering  the  box  was  the  totiJ  radiation  of  the  mercury  arc,  the 
spectrum  of  which  contained  hundreds  of  lines.  The  pressure  of  the 
merciuy  vapor  was  about  0.001  millimeter,  in  other  words,  ttvWt 
of  the  pressure  of  the  air  in  the  room.  It  seems  most  extraordinaiy 
that  a  vapor  at  such  a  very  low  pressure  and  at  the  temperature  of 
the  room  should  glow  so  brilliantly  with  invisible  light.  A  little  fur- 
ther experimenting  resulted  in  a  further  discovery.  It  was  found 
that  if  Uie  box  was  filled  with  air  at  atmospheric  pressure,  the  cone 
of  rays  glowed  feebly  in  the  mercury  vapor  with  which  the  air  was 
saturated.  As  the  pressure  wasreduced  theglowincreased  in  brilliancy, 
reaching  its  maximum  at  a  pressure  of  about  6  millimeters.  As  the 
exhaustion  was  pushed  fiuiiher  the  mercury  vapor  outside  of  the 
cone  became  luminous,  and  at  the  highest  vacuum  attainable  the  glow 
filled  the  entire  box.  This  is  secondary  resonance  radiation  excited 
by  the  primary  radiation  of  the  merciuy  vapor,  which  is  excited  by 
the  cone  of  focused  rays.  The  brilliancy  of  the  cone  remained  about 
the  same,  so  that  we  can  not  attribute  the  biusting  out  of  this  sec- 
ondary fluorescence  to  a  mere  increase  in  the  briUiancy  of  the  directly 
excited  vapor. 

Experiments  are  now  in  progress  to  determine  why  the  presence  of 
a  few  millimeters  of  air  destroys  all  trace  of  the  secondary  radiation. 
Photographs  of  the  glowing  vapor  in  air  at  pressures  of  5  millimeters, 
1  millimeter,  and  0  are  reproduced  in  plate  6,  d,  e,f. 

If  we  put  the  drop  of  mercury  in  a  small  flask  with  very  thick 
walls,  exhaust  the  air,  and  seal  the  neck  of  the  flask  with  the  oxy- 
hydrogen  flame,  we  are  in  a  position  to  study  this  interesting  type 
of  radiation  in  mercury  vapor  at  high  pressures.  I  foimd  that  as 
the  temperatiu'e  of  the  flask  was  raised  the  radiation  came  from  a 
region  nearer  and  nearer  the  front  smrface,  which  was  illimiinated  by 
tht  rays  from  the  lamp,  and  that  when  the  pressure  was  about  10 
atmospheres  the  ray  from  the  lamp,  which  had  a  wave  length  of 
2636,  was  selectivdy  reflected  from  the  surface  of  the  vapor,  pre- 
cisely as  if  the  inner  smf  ace  of  the  bulb  were  plated  with  silver.  The 
other  rays  passed  through  the  bulb  with  their  usual  faciUty.     I  am 
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The  IVIck)n  Photographed  with  Invisible  Light. 
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at  the  present  time  engaged  in  the  study  of  just  how  the  change 
from  the  resonance  radiation  (which  is  scattered  in  all  directions)  to 
the  regular  reflection  takes  place,  a  matter  of  great  interest  in  con- 
nection with  the  theory  of  absorption  and  reflection.  As  a  matter  of 
fact,  I  expect  it  to  turn  out  that  the  mercury  light  does  not  absorb 
the  light  at  all,  for  experiments  indicate  that  the  lateral  emission  of 
the  ultra-violet  light  is  about  as  bright  as  when  white  paper  is  used 
to  scatter  the  light. 

AiK>ther  interesting  line  of  investigation  which  I  have  recently 
carried  out  illustrates  how  new  discoveries  may  be  made  by  the  aid 
of  ultra-violet  photography.  It  occurred  to  me  that  the  air  sur^ 
rounding' an  electric  spark  might  possibly  be  rendered  fluorescent  by 
the  absorption  of  the  very  short  ultra-violet  waves  discovered  by 
Schumann,  but  that  the  flourescence  might  be  made  up  wholly  of 
ultra-violet  light  and  consequently  invisible.  I  therefore  photo- 
graphed the  region  surroimding  a  powerful  spark  discharge  with  a 
qtuuiz  lens,  shielded  from  the  direct  light  of  the  spark  by  a  circular 
disk.  Tl\e  photograph,  when  developed,  showed  a  highly  luminous 
aureole  surrounding  the  spark  and  extending  out  in  all  directions  to 
a  distance  of  nearly  2  centimeters.  It  was  now  necessary  to  prove 
that  this  was  not  light  scattered  by  the  dust  particles  in  the  air.  To 
do  this  we  have  only  to  protograph  the  spectrum  of  the  aureole.  If 
it  is  similar  to  the  spectrum  of  the  spark  we  are  safe  in  attributing 
it  to  scattered  light.  It  it  differs  we  know  that  it  must  be  fluores-' 
cence,  or  the  genesis  of  waves  of  different  wave  length  from  any  pres- 
ent in  the  light  of  the  spark.  A  photograph  of  the  r^on  surround- 
ing the  spark  was  made  with  a  quartz  spectrograph,  and  it  was  at 
once  found  that  the  spectrum  was  whoUy  different  from  that  of  the 
spai^;  in  fact,  it  was  almost  identical  with  that  of  the  oxy-hydrogen 
flame.  For  liie  further  study  of  the  phenomenon,  a  piece  of  appa- 
ratus was  devised  by  which  the  light  of  the  spark  could  be  more  effec- 
tually shut  off.  A  small  hole  was  bored  through  a  plate  of  aluminum 
fastened  to  the  end  of  a  short  vertical  brass  tube.  This  plate  formed 
one  electrode,  the  spark  passing  between  an  aluminum  rod  lying 
along  the  axis  of  the  tube  and  the  imderside  of  the  plate  at  the  point 
perforated  by  the  hole. 

In  a  perfectly  dark  room,  if  the  eye  was  held  a  little  below  the 
plane  of  the  plate,  no  luminosity  could  be  seen  in  the  air  above  the 
hole,  if  it  was  reasonably  free  from  dust,  yet  a  photograph  taken  with 
a  quartz  lens  showed  a  bright  beam,  or  squirt,  of  light  issuing  from 
the  hole.  A  photograph  of  the  phenomenon  is  here  shown,  and  you 
wiU  notice  the  strong  resemblance  which  it  bears  to  a  comet  (pi.  6,  g). 
Many  weeks  have  been  spent  in  an  attempt  to  determine  the 
exact  origin  of  this  radiation,  and  the  question  has  proved  to  be  the 

most  baflling  one  which  I  have  ever  attempted  to  solve.    The  work 
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18  BtOl  in  progress,  and  many  remarkable  observations  bare  been 
made,  each  one  leaving  ns  more  in  the  dsak  than  before.  As  an  illus- 
tration I  may  mention  a  circumstance  discovered  by  Dr.  Hemsalech 
and  myself  last  winter  in  Paris.  We  foimd  that  if  a  jet  of  air  was 
blown  throu^  the  squirt  of  light,  the  luminosity  was  destroyed  in  the 
region  traversed  by  the  moving  current  of  air,  but  was  of  imdimin- 
ished  intensity  both  above  and  below  this  r^on.  lliis  makes  it 
seem  as  if  the  emanation  which  comes  from  the  spark,  and  which 
causes  the  luminosity  of  the  air,  must  act  for  a  brief  time  upon  the 
air  in  order  to  cause  the  limiinosity.  It  also  shows  that  the  emana- 
tion, whatever  may  be  its  nature,  is  not  swept  aside  by  the  air  current. 
We  have  also  found  that  other  gases  become  luminous  when  sub- 
jected to  the  spark  emanationi,  the  spectrum  in  each  case  being 
different  and  peculiar  to  the  gas  used,  electrolytic  hydrogen,  for 
example,  giving  a  strong  luminosity. 

It  is  thus  apparent  that  by  employing  this  ''photographic  eye"  of 
quartz  many  new  phenomena  may  be  brought  to  light  which  have 
previously  hidden  themsdves  behind  the  limitations  of  the  human 
eye.  A  study  of  the  absorption  by  the  candle-flame  of  ultra-violet 
has  also  been  made.  In  this  case  the  light  emitted  by  the  candle 
falls  out  of  the  problem,  for  its  flame  emits  little  or  no  ultra-violet. 
I  can  show  you  a  photograph  of  the  shadow  cast  by  a  flame  of  this 
description,  and  you  will  observe  that  the  shadow  is  blackest  at  the 
point  where  the  flame  is  brightest,  that  is,  at  the  point  where  the 
minute  carbon  particles,  which,  by  their  incandescence,  cause  the 
luminosity,  are  being  set  free  from  the  hydrocarbon  vapor. 

There  are  other  questions  which  can  doubtless  be  investigated  to 
advantage  by  means  of  ultra-violet  photography.  It  is  well  known, 
for  example,  that  the  amount  of  ultra-violet  light  emitted  by  a  body 
increases  with  the  temperature.  By  photographing  groups  of  stars 
through  the  quartz  silver  filter,  and  comparing  the  photometric 
intensities  of  the  images  obtained  in  this  way  with  the  intensities 
as  shown  on  a  plate  made  by  means  of  yellow  light,  valuable  data 
might  be  obtained.  This  method  is  merely  an  extension  of  one 
already  in  use  at  the  Harvard  Observatory. 
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WHAT  ELECTROCHEMISTRT  IS  ACCOMPLISHING.* 


By  JOBSPH  W.  RzOHABDBy 

Profe$9or  of  Metalhirgy,  Lehigh  UiUvemtjf, 


My  theme  is  to  depict  for  you,  as  clearly  as  I  may  be  able,  the  part 
which  electrochemistry  is  playing  in  modem  industrial  processes. 
I  have  no  exhaustive  catalogue  of  electrochemical  processes  to  present, 
nor  colimms  of  statistics  of  these  industries;  but  my  object  will  be 
to  classify  the  various  activities  of  electrochemists  and  to  analyze 
the  scope  of  the  electrochemical  industries. 

SCOPE    OP  ELECTBOOHEMISTBT  AND  ELECTROMETALLURGY. 

Chemistry  is  the  science  which  investigates  the  composition  of 
substances  and  studies  changes  of  composition  and  reactions  of 
substances  upon  each  other.  As  an  applied  science,  it  deals  chiefly 
with  the  working  over  of  crude  natural  material,  and  its  conversion 
into  more  valuable  and  more  useful  substances. 

Some  common  examples,  to  illustrate  this  statement,  are  the 
conversion  of  native  sulphur  into  sulphuric  add,  the  manufacture  of 
soda  and  hydrochloric  acid  from  common  salt,  the  conversion  of 
phosphate  rock  into  superphosphate  fertilizer,  etc.  Several  pages 
would  not  suffice  to  merely  catalogue  the  great  variety  of  chemical 
mdustries;  immense  amounts  of  capital  are  invested  in  them  and 
they  are  some  of  the  most  fundamental  industries  in  their  relation  to 
supplying  the  needs  of  a  rapidly  advancing  civilization. 

MetaUwrgy  is  the  art  of  extracting  metals  from  their  ores,  and  of 
purifying  or  refining  them  to  the  quaUty  required  by  the  metal- 
working  industries.  It  is  a  branch  of  applied  chemistry.  The 
metallurgical  industries  form  a  highly  important  part  of  our  national 
resources;  on  them  we  depend  for  iron,  steel,  copper,  brass,  gold, 
silver,  lead,  zinc,  -aluminiun,  etc.,  in  fact  for  all  the  supply  of  metals 
used  in  arts  and  industry. 

ElectrocTiemistry  is  the  art  of  applying  electrical  energy  to  facilitat- 
ing the  work  of  the  chemist.  It  is  chemistry  helped  by  electricity. 
It  is  the  use  of  a  new  agency  in  accomplishing  chemical  operations, 
and  it  has  not  only  succeeded  in  facilitating  many  of  the  most  difficult 

1  An  address  delivered  at  the  seventeenth  general  meeting  of  the  American  Electrochemical  Society,  in 
littsbnrgh,  Pa.,  May  7, 1910,  President  L.  H.  Baekeland  in  the  chair.  B^ivinted  by  permission  from  the 
Tnnssctions of  the  American  Electrochemical  Society , vol.  17, 1010,  being  the  transactions  of  tiie  seventeenth 
tfioanl  meeting,  at  Plttsborgh,  Pa.,  May  4-7, 1910.  In  the  presentation  of  this  paper  Prof.  Rieharde 
diowed  a  large  number  of  lantern  slides  ilhistrathig  electrochemical  wocka  in  operation. 
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and  costly  of  chemical  reactions,  but  it  has  in  many  cases  supplanted 
them  by  quick,  simple,  and  direct  methods;  it  has  even,  in  many 
cases,  developed  new  reactions  and  produced  new  materials  which 
are  not  otherwise  capable  of  being  made.  A  few  examples  will 
illustrate  these  points:  Caustic  soda  and  bleaching  powder  are  made 
from  common  salt  by  a  series  of  operations,  but  the  electrical  method 
does  this  neatly  and  cheaply  in  practically  one  operation;  lime  and 
carbon  do  not  react  by  ordinary  chemical  processes,  but  in  the  electric 
furnace  they  react  at  once  to  form  the  valuable  and  f amiUar  calcium 
carbide;  carbon  stays  carbon  except  when  the  intense  heat  of  the  elec- 
tric furnace  converts  it  into  artificial  graphite.  The  list  of  such  opera- 
tions is  a  long  one,  and  it  may  be  said  that  the  chemist  has  become  a 
much  more  highly  efficient  and  accomplished  chemist  since  he  became 
anelectrochemist,  and  he  is  becoming  more  of  an  electrochemist  daily. 

ElectrometdUvrgy  applies  electric  energy  to  facilitating  the  solution 
of  the  problems  confronting  the  metallurgist.  Its  birth  is  but  recent, 
yet  it  has  rendered  invaluable  service;  it  has  made  easy  some  of  the 
most  difficult  extractions,  has  produced  several  of  the  metals  at  a 
small  fraction  of  their  former  cost,  and  has  put  at  our  disposal  in  com- 
mercial quantities  and  at  practicable  prices  metals  which  were  formerly 
unknown  or  else  mere  chemical  curiosities.  It  has,  further,  refined 
many  metals  to  a  degree  of  purity  not  previously  known.  The  metal- 
lurgist is  rapidly  appreciating  the  possibilities  of  electrometallurgical 
methods  and  they  already  form  a  considerable  proportion  of  present 
metallurgical  practice. 

Applied  electrochemistry,  covering  in  general  all  of  the  field 
just  described,  is  therefore  an  important  part  of  chemistry  and 
metallurgy,  and  is  rapidly  increasing  in  importance.  It  is  a  new- 
art,  people  are  really  only  beginning  to  understand  its  principles 
and  to  appreciate  its  possibiUties;  it  is  an  art  pursued  by  the  most 
energetic  and  enterprising  chemists,  with  the  assistance  of  the 
most  skilled  electricians.  Some  of  its  most  prominent  exponents 
are  electrical  engineers  who  have  been  attracted  by  the  vast  possi- 
bilities opened  up  by  these  applications  of  electricity.  The  chem- 
ists have  worked  with  electricity  like  children  with  a  new  toy,  or  a 
boy  with  a  new  machine;  they  have  had  the  novel  experience  of 
seeing  what  wonders  their  newly  applied  agency  could  accomplish, 
and  it  is  no  exaggeration  to  say  that  they  have  astonished  the 
world — and  themselves. 

THE   AGENTS  OF  ELEOTROOHBMISTBT. 

The  operating  agent  in  electrochemistry  is,  of  course,   electric 
energy,  which  may  be  used  in  three  classes  of  apparatus,  viz: 
I.  Electrolytic  apparatus. 
II.  Electric  arcs  and  discharges  in  gases. 
III.  Electric  fmnaces. 
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Electrolytic  apparatus  and  processes  use  or  utilize  the  separating 
or  decomposing  power  of  the  electric  current.  Whenever  an 
dectric  curreift  is  sent  through  a  liquid  material  which  is  compound 
in  its  nature,  i.  e.,  a  chemical  compound;  the  cturent  tends  to  decom- 
pose the  compound  into  two  constituents,  appearing  respectively 
at  the  two  points  of  contact  of  the  electric-conducting  circuit  with 
the  liquid  in  question,  i.  e.,  at  the  surface  or  face  of  contact  of  the 
undecomposable  conducting  part  of  the  circuit  with  the  decompos- 
able part.  If  the  ciurent  has  a  definite  direction  the  constituents 
appear  at  definite  electrodes.  The  action  is  simply  the  result  of 
the  current  extracting  (or  tending  to  extract)  from  the  electrolyte 
one  of  its  constituents  at  each  of  the  two  electrode  surfaces.  All 
subsequent  changes  following  upon  this  primary  tendency  of  the 
ciirreiit  are  called  secondary  reactions,  and  are  practically  simul- 
taneous with  the  primary.  These  may  even  be  regarded  as  truly 
primaiy  reactions  also,  the  primitive  decomposing  or  separating 
power  of  the  cinrent  passing  being  regarded  only  as  a  tendency 
or  a  determining  cause  which  practically  results  in  the  reactions 
actually  taking  place. 

This  agency  is  an  extremely  vigorous  and  potent  force  for  produc- 
ing chemical  transformations.  It  enables  us,  for  instance,  to  split 
up  some  of  the  strongest  chemical  compoimds  into  their  elementary 
constituents,  to  convert  cheap  materials  into  much  more  valuable 
derivatives,  to  pinify  impure  materials,  in  short,  to  perform  easily 
some  very  difficult  chemical  operations  and  in  some  cases  to  perform 
chemical  operations  otherwise  impossible.  A  description  of  all 
these  various  processes  would  take  a  volume,  but  a  short  explanation 
of  a  f e^  of  them  will  make  the  principles  clear  and  suffice  for  my 
present  purpose. 

Electrolysis  of  vxUer. — ^As  a  raw  material,  water  may  be  said  to 
cost  nothing.  Apply  an  electric  current  to  it  in  the  proper  way, 
and  it  is  resolved  into  its  constituent  gases,  hydrogen  and  oxygen, 
as  cleaidy  and  perfectly  as  anyone  could  desire.  These  gases  have 
many  and  various  uses,  and  are  valued  each  at  several  cents  per 
pound.  A  whole  industry  has  thus  grown  up,  based  on  the  simple 
electrolysis  of  water,  to  supply  these  two  gases  for  various  industrial 
uses.  Europe  possesses  many  of  these  plants;  there  are  a  few  in 
the  United  States.  The  speaker  has  translated  from  the  German 
a  small  treatise  on  this  industry. 

Electrolysis  of  sdU, — Common  salt,  sodium  chloride,  is  one  of 
the  cheapest  of  natural  chemicals.  It  has  some  uses  of  its  own, 
but  centuries  ago  chemists  and  even  alchemists  devised  chemical 
processes  for  triuisforming  it  into  other  sodium  salts,  such  as  caustic 
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soda  or  soda  lye  for  use  in  soap,  soda  ash  or  carbonate,  for  washing 
or  glassmaking,  and  into  chlorine  bleaching  materials.  Chemical 
works  operating  these  rather  complicated  chemical  processes  exist 
on  an  immense  scale  in  all  civilized  coimtries;  it  is  estimated  that 
$50,000,000  is  thus  invested  in  Great  Britain  alone.  The  electrolytic 
alkali  industry  is  barely  20  years  old,  yet  it  is  already  more  than 
holding  its  own  with  the  older  chemical  process,  and  advancing 
rapidly;  20  years  more  will  probably  see  the  older  processes  entirely 
superseded — they  are  at  present  fighting  for  their  existence.  As 
for  the  electrolytic  process,  the  salt  is  simply  dissolved  in  water 
and  by  the  action  of  the  current  converted  into  caustic  soda  at  one 
electrode  and  chlorine  gas  at  the  other.  By  some  special  devices 
these  are  kept  separate  and  collected  by  themselves,  and  the  work 
is  done.  The  principles  involved  are  simplicity  itself  as  compared 
with  the  older  chemical  processes,  the  only  agent  consumed  is  electric 
energy,  and  the  products  are  clean  and  pure. 

CTilorates. — ^These  are  salts"  used  on  matches  and  in  gunpowder. 
Chlorate  of  potassium  is  a  valuable  salt  with  important  uses.  It  is 
made  from  common  cheap  potassium  chloride,  in  solution  in  water, 
by  simply  electrolyzing  the  solution  without  trying  to  separate  the 
products  forming  at  the  electrodes.  It  is  a  simpler  operation  than 
the  production  of  electrolytic  alkali.  Chlorate  thus  forms  in  the 
warm  solution,  and  is  obtamed  by  letting  the  solution  cool  and  the 
chlorate  crystallize  out.  The  ordinary  chemical  manufacture  of  this 
salt  was  tedious  and  dangerous;  the  electrolytic  method  has  practi- 
cally entirely  superseded  it. 

PercTUorates. — ^These  salts  have  more  limited  uses,  but  are  made  by 
expensive  chemical  methods.  The  electrolysis  of  a  chlorate  solution 
at  a  low  temperature,  without  separating  the  products  formed  at  the 
two  electrodes,  results  in  the  direct  and  easy  production  of  perchlo- 
rates.  I  cite  this  more  to  illustrate  what  I  might  call  the  versatility 
of  the  electrochemical  methods,  rather  than  because  of  its  commercial 
importance. 

Metallic  sodium. — ^The  caustic  soda  produced  from  salt  can  itself  be 
electrolytically  decomposed;  this  is  the  easiest  way  of  producing 
metallic  sodium.  Sir  Hmnphry  Davy  discovered  sodium  by  electro- 
lyzing melted  caustic  soda,  and  at  this  moment  several  large  works 
are  working  his  method  on  an  immense  scale.  The  caustic  contains 
sodium,  hydrogen,  and  oxygen,  and  the  current  simply  Uberates  the 
sodium  as  a  molten  metal  and  frees  the  other  two  as  gases  which 
escape  into  the  air.  The  process  is  simpUcity  itself — ^when  the  exact 
conditions  are  known  and  rigidly  adhered  to.  MetalUc  sodium  is  a 
very  useful  material  to  the  chemist,  and  the  electrolytic  method 
produces  it  at  probably  one-fourth  the  cost  of  making  it  in  any  purely 
chemical  way. 
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Magnesium. — ^This  is  a  wonderfully  light  metal,  whose  chief  use  is 
in  flashlight  powders.  Its  confounds  are  abundant  in  nature,  but 
its  manufacture  by  any  other  than  the  electrolytic  method  is  almost  * 
impracticable.  The  operation  consists  in  simply  passing  the  decom- 
posing current  through  a  fused  magnesium  salt — a  chloride  of 
magnesiumi  and  potassium  found  in  abimdance  in  Germany. 

Alundnium. — ^The  most  useful  of  the  light  metals ;  an  element  more 
abundant  in  nature  than  iron,  yet  which  costs  by  chemical  methods 
at  least  $1   per  pound  to  produce;  electrochemistry  enables  the 
makers  to  sell  it  at  a  profit  at  $0.25  per  pound.    This  is  probably  the 
most  useful  metal  given  to  the  world  by  electrochemistry.    AItlK)ugh 
the  French  chemist  Deville  obtained  it  by  an  electrolytic  method  in 
1855,  yet  he  had  only  the  battery  as  a  sovux^e  of  electric  current,  and 
the  process  was  too  costly.    This  very  city  of  Pittsburgh  was  the  real 
cradle  of  the  electrolytic  manufacture  of  aluminium,  when  in  1889 
Mr.  Qiarles  M.  Hall,  with  the  financial  assistance  of  the  Mellons  and 
the  business  assistance  of  Capt.  A.  E.  Hunt,  commenced  to  work  his 
process  up  at  Thirty-third  Street  on  the  West  Side.    The  principle  of 
the  process  is  here  again  one  of  beautiful  simplicity — ^when  it  is  once 
made  known.    Aluminium  oxide,  abundant  in  nature,  is  infusible  in 
ordinary  furnaces,  but  easily  melts  and  dissolves,  like  sugar  in  water, 
in  certain  very  stable  and  liquid  fused  salts — double  flourides  of  alu- 
minium and  the  alkaU  metals.     On  passing  the  electric  current 
through  this  bath,  the  dissolved  aluminium  oxide  is  decomposed, 
appearing  at  the  two  electrodes  as  aluminium  and  oxygen,  respec- 
tively.    When  all  the  oxide  is  thus  broken  up,  more  is  added,  and 
the  operation  continues.     One  of  the  most  difficult  problems  of 
ordinary  chemistry  is  thus  simply,  neatly,  and  effectively  solved  by 
dectrochemistry.  The  lower  cost  of  power  at  Niagara  Falls  drew  the 
industry  away  from  Pittsburgh  in  1893,  and  it  is  now  run  on  an 
immense  scale  at  several  places  where  water  power  is  cheap  and 
abundant.    Mechanical  power  is,  however,  being  produced  cheaper 
every  year;  gas  engines  have  halved  the  cost  of  such  power,  steam 
turbines  on  exhaust  steam  may  even  do  better;  there  is  no  inherent 
impossibility  in  the  return  of  the  aluminium  industry  to  the  Pitts- 
burgh district.    Many  other  factors  besides  cost  of  power  bear  on 
Ae  question — cost  of  labor,  abundance  of  labor,  cost  of  carbon,  coal 
for  heating,  various  supplies,  railroad  freights,  nearness  to  the  con- 
sumers, and  many  other  considerations  must  be  taken  into  account. 
Aluminiiun  is  certainly  destined  to  become  the  most  important  metal 
liext  to  iron  and  steel,  and,  as  far  as  one  can  now  foresee,  will  always  ^ 
be  produced  electrochemically.    To  have  accomplished  the  estab- 
lishment of  this  oner  single  industry  would  of  itself  have  proved  the 
usefulness  of  electrical  methods  and  their  importance  to  chemistry 
and  metallurgy. 

Digitized  by  CjOOQIC 


172  ANNUAL  BEPOBT  SMITHSONIAN  INBTTTTTnON,  1911. 

Refining  of  mddU. — Unless  metals  are  of  high  purity  they  are 
usually  of  very  little  usefulness.  Electrolytic  methods  enable  almost 
perfect  purity  to  be  easily  attained,  and  in  addition  permit  the  separa- 
tion at  tiie  same  time  of  the  valuable  gold  and  silver  contained  in  small 
amounts  in  the  baser  metals.  Over  $100;000,000  worth  of  copper  is 
electrically  refined  every  year  in  the  United  States;  the  metal  pro- 
duced is  purer  than  can  be  otherwise  obtained,  giving  the  electrical 
engineer  the  highest  grade  of  conducting  metal,  while  several  million 
dollars'  worth  of  gold  and  silver  are  recovered  whidi  would  otheiwise 
have  to  be  allowed  to  remain  in  the  copper.  Again,  the  method  is  so 
simple  that  but  a  few  words  are  necessary  to  set  it  forth  in  principle. 
The  impure  copper  is  used  as  one  electrode — ^the  anode — in  a  solution 
of  copper  sulphate  containing  some  sulphuric  acid;  the  receiving  elec- 
trode— the  cathode — is  a  thin  sheet  of  pure  copper,  or  of  lead,  greased* 
The  electric  action  causes  pure  copper  only  to  deposit  upon  the  cath- 
ode, if  a  properly  regulated  ciurent  is  used,  while  a  corresponding 
amount  of  metal  is  dissolved  from  the  anode.  Silver,  gold,  and  plati- 
num are  undissolved,  and  remain  as  mud  or  sediment  in  the  bottom 
of  the  bath;  other  impurities  may  go  into  the  solution,  but  are  not 
deposited  on  the  cathode  if  the  current  is  kept  low.  The  cost  of  this 
operation  is  small,  and  the  results  are  so  highly  satisfactoiy  that  90 
per  cent  of  all  the  copper  produced  is  thus  refined.  Similar  methods 
are  in  use  for  refining  other  metals,  silver,  gold,  and  lead  are  thus 
refined  on  a  large  scale;  antimony,  bismuth,  tin,  platinum,  zinc,  and 
even  iron  can  be  thus  refined;  the  field  is  very  inviting  to  the  experi- 
menter and  to  the  technologist,  and  is  rapidly  increasing  in  industrial 
importance. 

Metal  'plating. — ^All  electroplating  is  done  by  the  use  of  electrolytic 
methods  similar  to  those  just  described.  If  we  imagine  the  impure 
metal  anode  replaced  by  pure  metal,  and  the  receiving  cathode  to  be 
the  object  to  be  electroplated,  we  have  before  us  the  electroplating 
bath  ready  for  action.  Everybody  knows  the  value  and  use  of  gold, 
silver,  and  nickel  plating;  less  well  known  are  platinum,  cadmium, 
chromium,  zinc,  brass,  and  bronze  plating.  These  are  among  the 
oldest  of  the  electrochemical  industries.  Electrotyping  is  only  a 
variation  of  this  work;  also  the  electrolytic  reproduction  of  medals, 
engravings,  cuts,  etc.,  and  even  the  production  of  metaUic  articles  of 
various  and  complicated  forms,  such  as  tubes,  needles,  mirrors,  vases, 
statues,  etc.  The  speaker  has  translated  from  the  German  a  mono- 
graph concerning  these  last-named  uses  of  the  electric  current.  There 
is  opportunity  here  to  hardly  more  than  catalogue  these  various 
branches  of  electrometallurgical  activity.  Pittsburgh  people  will  be 
interested,  however,  in  knowing  that  many  of  the  newer  biiildings  in 
this  city  contain  thousands  of  feet  of  electrical  conduits  zinc  plated 
in  splendid  fashion  by  electrolysis,  at  a  works  within  a  few  miles  of 
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this  city.  At  McKeesport  tubes  are  coated  on  an  immense  scale, 
by  dipping  into  melted  zinc,  but  the  electrolytic  method  is  gaining  a 
foothold,  and  we  may  live  to  see  all  galvanizing  in  reality  practiced 
as  it  is  spelled.  The  removing  of  metallic  tin  from  waste  tin  scrap  is 
also  accomplished  on  a  large  scale  by  the  application  of  similar  prin- 
ciples. It  is  being  operated  at  a  distance  from  Pittsburgh,  but  your 
open-hearth  furnaces  use  up  annually  thousands  of  tons  of  the  scrap 
steel  thus  cleaned  and  saved  for  remanuf acture  into  useful  shape. 

Without  having  mentioned  or  described  more  than  a  fraction  of  the 
electrolytic  methods  in  actual  industrial  use,  I  hope  that  I  have  made 
dear  the  importance  and  extent  of  this  kind  of  electrochemical  proc- 
esses. Assuming  this,  we  will  pass  to  the  consideration  of  another 
entirely  different  and  yet  important  class  of  apparatus  and  processes. 

II. 

Electric  arcs  and  high-tension  dischaiges  through  gases  are  capable 
of  producing  some  chemical  compositions  and  decompositions  which 
are  very  useful  and  profitable  to  operate.  This  is  a  branch  of  electro- 
chemistry which  has  not  been  as  thoroughly  studied  as  some  others, 
its  phenomena  are  not  as  thoroughly  under  control  as  electrolysis  and 
dectrothermal  reactions,  and  its  possibiUties  are  not  as  thoroughly 
cmderstood  or  utilized. 

Ozone  is  being  made  from  air  by  the  silent  discharge  of  high-tension 
dectric  current.  The  apparatus  is  so  far  simplified  as  to  be  made  in 
small  units  suitable  for  household  use,  ready  to  attach  to  a  low-tension 
alternating  current  supply.  The  uses  for  the  ozone  thus  produced 
are  particularly  for  purifying  water  and  air.  It  makes  very  impure 
water  perfectly  safe  to  drink  and  piuifies  the  air  of  assembly  halls 
and  sick  rooms,  acting  as  an  antiseptic.  According  to  all  appear- 
ances, this  electrochemical  doubling  up  of  oxygen  into  a  more  efficient 
oxidizing  form  is  developing  into  a  simple  and  highly  efficient  aid  to 
healthy  living. 

Niiric  add  is  an  expensive  acid  made  from  the  natural  alkaline 
nitrate  salts,  such  as  Chili  saltpeter.  These  nitrates  are  the  salvation 
of  the  agriculturist,  for  they  furnish  the  groimd  with  the  necessary 
nitrogen  which  plants  can  assimilate.  The  Chili  ' 'nitrate  kings'' 
have  gained  many  millions  of  dollars,  even  hundreds  of  millions,  in 
thus  supplying  the  world's  demand  for  fertiUzer.  But  electro- 
chemist^  has  another  solution  to  this  problem,  which  is  rapidly 
rendering  every  country  which  adopts  it  independent  of  the  foreign 
fertilizer.  The  air  we  breathe  contains  uncombined  nitrogen  and 
oxygen  gases,  which,  if  combined  and  brought  into  contact  with 
water,  furnish  the  exact  constituents  of  nitric  acid.  The  way  to  do 
this  has  been  laboriously  worked  out,  and  the  electric  arc  is  the  agent 
which  does  it.    Air  is  simply  blown  into  the  electric  arc,  where  it  for 
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an  instant  partakes  of  the  enormous  temperature;  and  on  leaving  the 
arc  is  cooled  as  quicMy  as  possible.  In  the  arc  the  combination  of 
nitrogen  and  oxygen  is  effected  to  a  certain  extent,  and  the  mixture 
is  cooled  so  suddenly  that  it  does  not  find  time  to  disunite.  The 
nitrogen  oxides  thus  obtained  are  drawn  through  water,  and  this 
solution  of  nitric  acid  is  run  upon  soda  to  produce  sodium  nitrate  or 
on  lime  to  produce  calciiun  nitrate,  the  latter  called  nitrolime  or 
"Norwegian  saltpeter."  These  salts  entirely  replace  the  South 
American  natural  salt. 

The  materials  used  in  this  industry  are  air  and  lime,  and  to  these  is 
added  electrical  energy.  Air  is  universal,  lime  cheap  abnost  every- 
where, and  electrical  energy  is  cheapest  where  water  powers  are  most 
abimdant.  In  Norway  water  power  can  be  developed  and  electrical 
energy  supplied  from  it  at  a  total  cost  of  $4  to  $8  per  horsepower  year. 
Some  other  countries  can  do  nearly  as  well.  Under  these  conditions, 
abnost  every  country  can  afford  to  make  its  own  nitrates  and  so  be 
independent  of  other  coxmtries  for  the  fertilizer  needed  in  peace  and 
the  gunpowder  used  in  war.  Norway  felicitates  itself  already  on 
being  thus  independent.  Nearly  200,000  horsepower  is  being  utilized 
there  by  a  $15,000,000  syndicate,  and  the  industry  is  spreading 
rapidly  over  Europe.  The  study  of  this  problem,  its  solution,  and 
the  rapid  development  of  this  vigorous  industry,  is  one  of  the  most 
remarkable  chapters  in  the  history  of  recent  industrial  development. 
In  this  accomplishment  electrochemistry  has  signally  aided  the  agri- 
culturist and  demonstrably  multiplied  the  food-supply  resources  of 
all  civilized  and  highly  populated  coimtries. 

Boron  is  an  element  which  has  xmtil  recentiy  defied  the  best  efforts 
of  chemists  to  isolate  in  a  pure  state.  It  is  an  element  which  may 
have  important  application  in  the  manufacture  of  a  high-class  special 
steel — ^boron  steel.  Dr.  Weintraub,  one  of  our  fellow  members,  has 
recentiy  solved  the  problem  of  its  production  by  an  adaptation  of  the 
"oxygen-nitrogen"  arc  apparatus  and  utilizing  the  same  principle 
of  introducing  the  material  into  the  arc  and  very  rapidly  cooling  the 
products  obtained.  We  mention  this  not  because  of  its  great  commer- 
cial importance  at  present,  but  because  it  shows  how  the  *  *arc  method  " 
may  be  of  wide  application  in  solving  other  difficult  chemical  prob- 
lems. It  has  opened  before  us  a  new  method  in  chemical  science,  and 
may  give  birth  to  many  and  various  new  chemical  industries. 

m. 

Electric  furnaces  are  furnaces  in  which  the  necessary  heat  or 
degree  of  temperature  is  produced  or  attained  by  means  of  electrical 
energy.  The  electric  current  is  used  in  these  furnaces  solely  for  its 
heating  or  thermal  effect,  and  either  alternating  or  direct  current  may 
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be  used,  but  alternating  is  preferred  because  of  its  easier  generation 
and  management,  capability  of  being  stepped  up  or  down  bj  trans- 
formers, and  absence  of  electrolytic  effects. 

Electric  furnaces  render  remarkable  and  highly  valuable  service  to 
the  chemist  and  metallurgist,  for  two  distinct  and  unique  capabilities; 
they  can  generate  heat  within  themselves  without  the  use  of  combus- 
tion and  the  consequent  products  of  combustion  to  complicate  the 
working  of  the  furnace,  and  they  can  besides,  if  desirable,  produce 
temperatures  absolutely  unapproachable  in  furnaces  using  fuel,  and 
thereby  enable  the  carrying  out  of  operations  only  possible  at  these 
extremely  high  temperatures.    The  upper  limit  of  electric  fiunace 
temperature  is  simply  the  volatilizing  point  of  carbon,  the  tempera- 
ture at  which  the  material  of  which  the  lining  of  the  fiunace  is  made 
is  boiled  away.    This  is  about  3,7(W  C.  or  6,700*"  F.    The  simple 
skaiement  that  this  is  three  times  as  high  as  the  melting  point  of  cast 
iron  may  give  some  notion  of  the  enormous  temperature  here  at  one's 
command.    Besides  intense  temperature,  the  effidency  of  application 
of  electrical  heat  to  the  useful  piirpose  is  usually  high;  in  many  cases 
50  to  75  per  cent  of  all  the  heat  developed  can  be  usefully  applied,  as 
against  5  to  50  per  cent  utilized  in  fuel-fired  fiunaces.    The  heating 
value  or  thermal  equivalent  of  the  electric  current  is  perfectly  defi- 
nitely known ;  1  kilowatt-hour  will  furnish  860  calorics  (3,400  B.  t.  u.) , 
which  if  applied  usefully  at  100  per  cent  efficiency  would  bring  to 
boiling  and  convert  into  steam  1.35  kilograms  (3  pounds)  of  water,  or 
bring  to  melting  and  melt  about  3  kilograms  (7.5  potmds)  of  cast  iron, 
or  2.5  kilograms  (5.5  pounds)  of  steel. 

Artificial  graphite  is  a  product  particularly  electrochemical  in  its 
manufacture.  Your  fellow  townsman.  Dr.  E.  G.  Acheson,  has  prac- 
tically created  this  industry  and  his  name  sticks  to  the  product — 
Acheson  graphite.  No  temperature  but  that  of  the  electric  furnace 
can  convert  the  ordinary  amorphous  carbon,  containing  small  amounts 
of  foreign  substances,  into  pure,  soft,  homogeneous,  unctuous 
graphite.  The  purity  of  the  product  and  its  quality  has  even  sur- 
passed the  artifice  of  mother  natiu*e  herself.  Whereas,  before,  graphite 
in  small  scales  was  laboriously  gathered  from  Ceylon  and  Siberia, 
and  with  great  pains  worked  up  into  graphite  articles,  now  the  articles 
are  simply  molded  in  ordinary  impure  amorphous  carbon,  and  con- 
verted through  and  through,  retaining  their  shape,  into  finished  and 
complete  graphite  articles.  WhsA  this  highly  pure  product  is  going 
to  do  for  lubrication,  for  annihilating  the  friction  of  the  world's 
machinery,  perhaps  only  a  few  suspect  and  only  Mr.  Acheson  knows. 
You  will  all  know  more  about  this  soon,  and  everyone  of  you  who 
uses  machinery  will  profit  by  it.  Meanwhile,  in  another  direction, 
probably  half  the  electrochemical  industries  now  operating  are  bene^ 
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ficiaries  of  this  inYention,  using  artificial  graphite  anodes  in  electro- 
lytic operations  or  as  electrodes  in  electric  furnaces.  The  electro- 
diemical  industry  in  general  has  been  most  wonderfully  helped  by 
this  one  electrochemical  process. 

Ckirborundum  stands  for  a  laige  industry,  centered  at  Niagara 
Falls,  and  founded  also  by  Mr.  Acheson.  Twenty  years  ago  the  name 
was  not  in  the  dictionary;  now  it  is  known  all  over  the  world  as  the 
most  efficient  abrasive  material  in  use.  First  produced  just  across 
the  Monongahela,  in  a  little  furnace  as  large  as  a  cigar  box,  and  sold 
for  polishing  diamonds  at  many  dollars  per  ounce,  it  is  now  made  by 
tons  in  electric  furnaces  of  2,000  horsepower  capacity,  and  competes 
successfully  with  such  common  natural  abrasives  as  emery  and  com- 
mon sand.  And  in  fact,  common  silica  sand,  the  most  abundant 
material  on  earth,  with  common  carbon,  like  coke,  furnish  all  the 
ingredients  necessary  for  the  furnace  to  work  upon  to  produce  SiC 
(silicon  carbide).  Mr.  Acheson  not  merely  founded  another  new 
industry,  but  he  discovered  a  new  chemical  compound;  he  has 
enriched  science,  promoted  industry,  and  created  new  instruments  of 
service;  no  wonder  that  his  scientific  friends  have  showered  on  him 
honors — the  Rumford  Medal,  the  Perkin  Medal,  and  two  years  i^ 
the  presidency  of  this  Electrochemical  Society. 

Silicon  is  the  metal  whose  oxide  is  silica  sand,  and  is  by  far  the 
most  abimdant  metallic  element  on  earth.  Up  until  very  recently  it 
was  to  be  seen  only  in  chemical  museums,  costly  and  useless — a 
chemical  curiosity.  Now  Mr.  F.  J.  Tone,  one  of  Mr.  Acheson's  former 
lieutenants,  is  producing  it  by  the  ton  and  selling  it  by  the  carload  at 
a  few  cents  per  pound. .  The  chemical  world  has  foxmd  uses  for  it, 
large  uses,  such  as  in  solidifying  steel,  making  good  copper  castings, 
reducing  other  metals  from  their  oxides,  chemical  ''pots  and  pans," 
etc.  This  illustrates  again  the  variety  of  the  achievements  of  electro- 
chemistry. Here  is  a  new  material  furnished  the  world  at  a  low  price 
and  all  sorts  of  workers  are  finding  all  sorts  of  advantageous  uses  for 
it.  The  electric  furnace  makes  it  from  simply  sand  and  carbon,  with 
electric  energy  plus  considerable  "brauis." 

Qdcium  carbide  is  the  product  of  another  American  invention. 
The  name  was  scarcely  in  the  chemical  books,  and  the  purveyors 
of  the  rarest  chemicals  did  not  have  it  on  their  lists,  when  Mr.  Thomas 
Willson,  trying  to  make  something  else  in  the  electric  furnace,  made 
this  compound  from  ordinary  lime  and  carbon,  and  started  an  elec- 
trochemical industry  which  has  spread  all  over  the  civilized  world. 
I  am  almost  tempted  to  say  that  there  is  a  calcium  carbide  works 
everywhere  but  in  Pittsbm^,  but  that  would  really  be  an  exaggerar- 
tion,  and  I  will  not  say  it.  The  best  thing  about  calcium  carbide  is 
that  it  is  easy  to  make;  the  raw  materials  may  be  found  almost 
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eveiywliere,  and  wherever  power  is  cheap  a  flourishing  calcium  car- 
bide industry  may  be  built  up.  The  curious  thing  about  it  is  that  ita 
chief  use  is  based  on  destroying  it,  acting  upon  it  by  water  and  form- 
ing acetylene  gas.  How  great  a  boon  acetylene  gas  has  been  to  the 
l^ieycHst,  automobUist,  for  lifting  trains,  isolated  houses,  stations, 
and  towns  needs  no  recital  before  this  audience,  but  the  value  of 
acetylene  as  a  means  of  welding  with  the  blowpipe  is  only  conmiendng 
to  be  appreciated.  Acetylene  welding  is  a  convenience  which  owes 
its  existence  entirely  to  the  electrochemical  production  of  calcium 
carbide,  and  the  iron  and  steel  and  other  metal  industries  are  being 
greatly  helped  by  its  use. 

Titanwm  carbide  is  not  as  famihar  as  calcium  carbide.  It  is  made 
in  a  manner  similar  to  the  production  of  carborundum,  using  titanimn 
oxide  (rutile)  and  carbon.  It  has  no  uses  similar  to  calcimn  car« 
lade,  nor  any  like  siUcon  carbide.  But  electrical  engineers  have 
discovered  that  as  arc-li^t  tips  or  electrodes  it  gives  the  most  efficient 
arc  light  yet  discovered,  with  a  li^t  efficiency  running  up  to  3  candle- 
power  per  watt  of  electrical  energy.  This  is  probably  50  per  cent  of 
the  theoretically  possible  conversion  of  electrical  energy  into  light 
energy,  and  is  doubly  as  efficient  as  has  ever  before  been  attained. 
What  this  means  for  street  lighting  everywhere  is  difficult  to  realize; 
perhaps  the  best  and  most  easily  understood  comparison  is  to  say 
that  the  titanium  carbide  arc  lamp  is  to  the  ordinary  arc  as  the 
tungsten  filament  incandescent  lamp  is  to  the  carbon  filament  lamp; 
you  will  all  grasp  the  scope  of  that  statement.  With  acetylene  light- 
ing on  one  hand  and  titanium  arc  lighting  on  the  other  we  need 
say  no  more  about  the  influence  of  electrochemistry  on  modem 
illumination. 

P7u>ephorus. — ^I  stated  before  that  the  potassium  chlorate  on 
safety  matches  was  all  being  made  electrochemically.  We  can  say 
practically  the  same  of  phosphorus.  The  electric  fmnace  enables 
us  to  distill  phosphorus  much  more  easily  and  safely  from  the  natural 
phosphates  than  the  okler  chemical  methods.  Calcium  carbide 
gives  us  acetylene  gas,  and  another  electrochemical  fupiace  gives  us 
the  phosphorus  to  "strike  the  light." 

Ferroalloys  are  alloys  of  iron  with  the  more  expensive  metals, 
used  in  manufacturing  steels  of  various  kinds.  Ferromanganese 
is  used  in  practiccdly  all  steel,  ferrosilicon  is  used  in  almost  all. 
Ferrochromium,  nickel,  tungsten,  molybdenum,  boron,  uranium, 
vanadium  are  some  of  the  alloys  used  to  make  the  special  alloy  steels, 
such  as  find  great  use  in  rapid  tool  steel,  automobile  axles,  armor 
plate,  gun  steel,  etc.  These  alloys  are  of  great  importance  to  the 
steel  industry,  and  are  made  almost  exclusively  in  electric  furnaces. 
The  industry  has  flourished  most  in  countries  having  cheap  power, 
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such  as  among  the  French  Alps,  and  the  importations  into  this  comi- 
try  have  been  on  a  large  scale.  Fortunately,  we  are  commencing  at 
Niagara  Falls,  in  Virginia,  and  in  Canada  to  supply  ourselves  with 
these  necessities  of  the  steel  industry,  and  we  may  look  forward  to 
a  steady  and  large  domestic  development  of  tins  industry.  Within 
a  few  miles  of  this  hall  a  small  electric  furnace  is  now  at  work  making 
ferrotungsten  to  go  into  expensive  high-class  steel.  Pittsbm^  is 
going  to  take  its  share  in  the  running  of  tins  particular  electrometal- 
lurgical  industry. 

Pig  iron  would  seem  to  be  about  the  last  item  to  find  a  place  in  an 
address  upon  the  electrochemical  industries.  But  the  truth  must 
''out'' — electric-furnace  pig  iron  is  now  being  made,  and  made  and 
sold  at  a  profit.  We  will  hasten  to  admit  that  the  furnaces  are  small, 
that  they  are  in  California  and  Sweden,  where  fuel  is  expensive  and 
power  is  cheap,  that  a  great  deal  of  money  has  been  sunk  in  bringing 
them  to  their  present  condition;  but  after  all  has  been  admitted,  the 
fact  remains  that  electric  furnace  production  of  pig  iron  is  not  a 
chimera,  but  an  accomplished  fact.  Pittsburgh  has  been  able  to 
boast  that  she  '*  could  manufacture  a  ton  of  pig  iron  and  put  it  down 
anywhere  in  the  world  cheaper  than  it  could  be  there  produced." 
That  may  be  still  true  of  the  kind  of  pig  iron  which  Pittsburgh  is  able 
to  make,  but  there  are  grades  and  qualities  of  pig  iron  (Swedish 
charcoal  pig  iron,  for  instance)  which  are  still  imported  into  this 
country  and  sold  at  double  the  price  of  our  domestic  pig  iron.  And, 
in  the  country  where  that  charcoal  pig  is  slowly,  laboriously,  and 
skillfully  made,  the  electric  shaft  furnace  is  able  to  compete  wit^  the 
charcoal  blast  furnace  in  producing  this  high  quality  pig  iron.  Dr. 
Haanel,  of  the  C wadian  department  of  mines,  has  in  a  recent  report 
given  us  the  most  reliable  information  about  the  running  of  this 
furnace.  The  construction  is  pecuUar,  and  still  somewhat  experi- 
mental, the  full  power  for  which  the  furnace  was  designed  has  not 
yet  been  available  for  running  it,  the  workmen  are  new  to  their  tasks, 
the  overseers  are  still  learning,  the  irregularities  in  the  running  are 
not  yet  all  overcome,  and  many  of  the  minor  details  are  yet  being 
adjusted.  The  furnace  is  still,  in  brief,  decidedly  in  the  formative  or 
experimental  stage.  Yet,  notwithstanding.  Prof.  Odelstjema,  one  of 
the  most  expert  of  Swedish  metaUurgists,  states  that  the  cost  of  pro- 
duction is  $1.50  per  ton'  less  than  in  the  Swedish  blast  furnaces.  If 
that  is  true  now,  it  needs  little  gift  of  prophecy  to  figure  out  at  least 
$2.50  per  ton  saving  when  the  furnace  is  properly  run.  Three  similar 
furnaces  of  greater  capacity,  2,500  kilowat'ts  each,  are  to  be  erected  in 
Norway;  three  sinular  ones  are  to  be  put  up  at  Sault  Ste.  Marie, 
Canada.  These  are  only  the  forerunners,  we  may  be  sure,  of  dozens 
or  perhaps  even  hundreds  which  will  be  built  and  operated  within  the 
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Ufetune  of  most  of  this  audience.  The  time  at  our  disposal  forbids 
m J  describing  these  interesting  furnaces;  I  can  only  refer  you  to  Dr. 
Haanel's  interesting  reports  and  to  the  transactions  of  this  society, 
particularly  to  our  Volume  XV.  One  surmise  of  my  own  I  will,  how- 
ever, take  time  to  mention:  I  have  predicted  that  this  electric-furnace 
-p%  iron,  made  without  the  admittance  or  use  of  air  blast,  will  be  far 
superior  to  ordinary  pig  iron  for  conversion  into  steel,  because  of  the 
absence  of  oxygen  or,  particularly,  of  nitrogen.  Time  will  test  this 
prediction,  too. 

Electrie  sted  is  at  present  a  topic  of  absorbing  interest  and  great 
potentialities.  It  was  primarily  a  competitor  of  the  most  expensive 
kind  of  steel — crucible  steel.  It  was  first  made  commercially  in  1900, 
by  Mr.  F.  A.  Kjellin,  of  Sweden,  by  melting  together  in  an  electric 
fomace  the  same  high-grade  materials  which  are  usually  melted 
down  in  crucibles  to  form  crucible  steel.  The  product  was  made 
equal  in  quality  to  crucible  steel,  it  was  produced  in  lots  of  a  ton  or 
more  at  a  melt,  of  very  satisfactory  uniformity,  and  with  cheap  water 
power  to  furnish  electricity  the  cost  was  considerably  below  that  of 
crucible  steel. 

The  steel  melting  pot  or  crucible  is  a  siliceous  vessel,  holding  about 
100  pounds  of  steel,  lasting  only  a  few  heats,  and  lifted  in  and  out  of 
the  furnace  by  manual  labor.  The  consumption  of  fuel  to  get  the 
required  melting  heat  is  wickedly  wasteful;  not  over  5  per  cent  of 
the  heat-developing  power  of  the  fuel  used  is  efficiently  utilized  as 
heat  in  the  melted  steel,  and  the  actual  proportion  is  usually  less*  than 
half  that  much.  The  cost  of  labor,  crucibles,  and  fuel  is  excessive, 
and  to  this  must  be  added  the  high  cost  of  the  pure  material  which 
must  be  used — ^practically  the  purest  iron  which  can  be  made. 

The  electric  furnace  is  changing  all  this,  rapidly  in  continental 
Europe,  slower  in  Sheffield,  and  still  slower  in  America;  but  the  change 
is  spreading  surely  and  inevitably.  Beal  crucible  steel  will  soon  be  a 
thing  of  the  past,  supplanted  entirely  by  electric  furnace  steel  of 
equal  quality,  made  and  sold  much  more  dieaply. 

The  electric  furnaces  used  are  of  almost  all  types.  The  induc- 
tion furnace  was  developed  conmiercially  by  Kjellin  in  Sweden, 
unproved,  enlarged,  and  greatly  developed  by  his  associates  in 
Germany,  combined  with  the  Colby  pattern  in  America,  and  still 
further  modified  by  Hiorth  in  Norway.  Thirty-six  of  these  furnaces, 
the  maximum  capacity  being  one  at  Krupp's  works  at  Essen,  8^  tons 
at  a  charge,  are  now  built  or  building.  The  American  Electric 
Furnace  Co.  is  oiganized  to  push  their  building  and  operation  in 
America.  The  arc  radiation  furnace  was  developed  by  Maj .  Stassano, 
an  Italian  artillery  officer.  It  melts  by  heat  radiated  from  powerful 
electric  arcs.    Several  of  these  are  in  operation  in  Europe,  and  a 
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gentleman  managing  one  of  the  large  American  steel  companies,  who 
has  just  returned  from  an  inspection  of  the  different  electric  steel 
furnaces  operating  in  Eiut>pe,  tells  me  that  he  considered  the  Stassano 
furnace  as  doing  the  best  work,  all  around,  of  all  the  furnaces  he  saw 
in  operation.  I  have  seen  this  furnace  operating  smoothly  and  regu- 
larly in  Turin,  producing  steel  for  castings  which  were  being  sold  in  - 
competition  with  open-hearth  and  Bessemer  steel  castings  in  the  open 
market.  The  single  arc  furnace  is  best  illustrated  by  the  Girod 
furnace,  which  is  built  like  the  body  of  an  open-hearth  furnace  with 
the  electric  current  entering  the  badi  by  carbon  electrodes  suspended 
above  it,  and  springing  arcs  to  it,  while  the  current  leaves  the  bath 
through  metallic  conductors  passing  throuj^  the  saucer-«haped 
hearth  below  the  level  of  the  metallic  surface.  These  furnaces  work 
with  great  r^ularity,  and  a  large  number  are  operating  in  Eiux>pe,  in 
capacities  up  to  12  tons  each.  I  am  informed  that  the  Krupp  Works 
at  Essen  has  just  contracted  to  put  in  five  of  these  of  the  12-ton  size, 
which  would  confirm  statements  made  to  me  by  my  European  friends 
that  this  furnace  is  working  the  best  of  all  theelectric  steel  fumacesnow 
operating  in  Europe.  The  double-arc  furnace,  of  which  the  Heroult 
furnace  is  the  most  familiar  type,  works  with  two  arcs  in  series,  the 
current  entering  the  bath  and  leaving  it  also  throuj^  electrodes 
suspended  above  it.  The  general  style  is  that  of  an  open-hearth 
furnace  with  electrodes  passing  through  the  roof.  The  ciurent  used 
is  roughly  100  kilowatts  per  ton  of  steel  capacity,  and  the  largest  so 
far  operated  is  1 5  tons.  A  3-ton  furnace  of  this  type  was  seen  by  you 
at  the  Firth-Stirling  Steel  Works  at  Demmler,  yesterday,  producing 
crucible-quality  steel.  The  United  States  Steel  Corporation  has 
acquired  licenses  to  operate  the  Heroult  furnace,  and  has  already 
two  15-ton  furnaces  in  operation.  Without  doubt,  the  Heroult  fur- 
nace is  at  the  present  time  the  most  popular  and  successful  electric 
steel  furnace  in  the  United  States.  I  have  not  time  to  more  than 
name  the  Keller,  the  Hiorth,  the  Harmet,  the  Frick — all  of  which  are 
operating  at  this  present  moment  in  Europe. 

There  are  other  ways  of  making  steel  than  the  crucible  method. 
Bessemer  steel  is  the  cheapest,  and  open-hearth  steel  is  next  best. 
These  two  varieties  grade  into  each  other  in  quality,  but  between 
open-hearth  and  crucible  steel  there  is  an  enormous  gap  in  price  and 
in  quality  which  is  destined  to  be  bridged  over  by  intermediate  qual- 
ities of  electric  steel  as  it  becomes  cheaper  and  is  manufactured  on  a 
larger  scale.  This  will  soon  become  one  of  the  large  uses  of  the  electric 
method,  occupying  a  field  peculiarly  its  own.  It  wiQ  enable  steel 
manufacturers  to  supply  steel  better  than  the  best  open-hearth  prod- 
uct at  less  than  the  price  of  crucible  steel.  I  need  not  enlarge  upon 
the  advantages  of  this  to  a  Pittsburgh  audience. 
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There  aie  also  varieties  of  methods  of  manufacture  of  steel,  askle 
from  the  melting  together  of  highly  pure  materials  as  in  the  crucible 
method,  which  aie  equally  available  in  most  types  of  the  electric 
furnace.  The  Bessemer  conrerter  takes  liquid  pig  iron  as  it  comes 
from  the  blast  furnace  and  by  rapid  oxidation  by  air  blast  converts 
it  into  steel.  ^.  Heroult  has  tried  to  combine  the  Bessemer  con- 
verter with  the  electric  furnace  in  one  apparatus  the  idea  being  to 
first  oxidize  the  metal  by  air  blast  and  then  to  finish  it  while  electric 
current  supplied  the  necessary  heat.  I  have  no  information  that  this 
combination  furnace  is  anywhere  in  successful  operation,  but  the 
equivalent  of  the  same  operation  performed  first  in  the  Bessemer 
converter  and  then  on  the  blown  metal  transferred  into  an  electric 
furnace  for  finishing  is  already  in  regular  commercial  operation  at 
the  South  Chicago  Works  of  the  United  States  Steel  Corporation.  I 
have  had  the  privil^e  and  pleasure,  thanks  to  Mr.  Heroult,  of  study- 
ing that  operation,  in  company  with  ^.  Heroult  and  the  editor  of 
Metallurgical  and  Chemical  E^ngineering.  You  may  find  a  description 
of  the  process  in  the  April  number  of  that  journal,  so  I  will  not  repeat 
it  here — except  so  far  as  to  say  that  15  tons  of  the  product  of  the 
Bessemer  blow,  oxidized  to  the  extent  usual  in  the  Bessemer  converter, 
was  kept  melted  less  than  two  hours  on  the  basic  hearth  of  the  electric 
furnace,  treated  with  two  different  slags  to  refine  it  from  phosphorus 
andsulphur,  deoxidized  or ''  dead-melted, ''  and  then  poured  into  ingots 
of  steel  intended  for  axles.  The  steel  produced  was  of  better  quality 
than  the  usual  corresponding  open-hearth  metal,  and  was  produced 
at  slightly  less  total  cost.  This  combination  process  bids  fair  to  give 
a  new  lease  of  life  to  the  declining  Bessemer  steel  industry;  its  eco- 
nomic importance  will  appeal  partictdarly  to  this  audience. 

The  open-hearth  steel  furnace  is  at  present  the  most  important 
of  the  methods  of  manufacturing  steel — 'Honnage  steel."  It  makes 
steel  from  pig  iron  and  scrap  of  proper  quality,  or  from  pig  iron  and 
iron  ore  (inill  scale),  or  from  pig,  scrap,  and  ore.  It  makes  its  best 
steel  on  silica  hearths  from  high-grade  material  low  in  sulphur  and 
phosphorus,  and  its  cheapest  steel  on  basic  hearths  from  almost  any- 
thing. The  electric  furnace  can  do  any  or  all  of  these  things,  and,  as 
a  general  proposition,  produce  better  steel  from  given  materials  than 
the  open-hearth  furnace.  Under  what  circimistances  it  will  pay  to 
use  the  electric  furnace  instead  of  the  open-hearth  furnace  would 
take  at  least  one  lecture  to  discuss;  we  will  not  go  deeply  into  it  here. 
In  Europe,  countries  which  have  very  cheap  water  power,  aroimd  $10 
per  horsepower  year,  and  fuel  costing  $4  to  $6  per  ton,  are  finding  the 
electric  furnace  the  cheaper;  with  power  costing  $20  and  cod  $5,  the 
two  are  about  on  equal  terms;  in  Pittsburgh,  with  power  at  $30  and 
coal  at  $1,  the  open-hearth  furnace  is  by  far  the  cheaper  for  produc- 
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ing  such  steel  as  it  can  produce.  However,  even  here  the  combina^ 
tion  of  Bessemer  and  electric  furnace  is  possibly  cheaper  than  the 
all  open-hearth  process;  the  combination  of  open-hearth  and  electric- 
furnace  processes  is  quite  possible  and  practicable  to  produce  crucible- 
quality  sted  on  a  large  (tonnage)  scale,  and  the  combination  of  the 
open-hearth  and  electric  furnace  into  one  furnace  is  not  only  a 
possible  combination,  but  is  actually  being  ''tried  out.''  The  latter 
idea  is  to  take  an  open-hearth  furnace  and  to  place  electrodes  in  the 
roof.  The  furnace  is  run  as  an  ordinary  open-hearth  furnace,  with 
the  electrodes  withdrawn,  and  at  the  close  of  the  open-hearth  heat 
gas  and  air  are  shut  off  entirely,  the  electrodes  lowered  into  proximity 
to  the  bath,  and  the  heat  finished  as  an  electric-furnace  heat.  The 
idea  is  sound  and  practicable  and  will  result  in  the  production  of 
better  steel  than  can  be  obtained  from  any  open-hearth  furnace  at 
but  a  slight  advance  on  the  cost  of  the  open-hearth  steel,  say  $2  to 
$3  per  ton* 

As  to  the  capacity  for  enlaigement  of  electric  steel  furnaces,  they 
started  out  to  duplicate  the  crucible-steel  process,  producing  100 
pounds  of  melted  steel  at  a  heat,  and  in  eight  years  have  risen  to  15 
tons'  capacity.  In  Europe  an  electric  calcium-carbide  furnace  of 
18,000  Idlowatts,  capable  of  producing  200  tons  of  carbide  daily,  is 
in  practical  operation.  A  furnace  of  like  power  capacity  could  be 
built  to  make  steel,  and  would  be  a  200-ton  steel  furnace  or  larger. 
We  can  therefore  say  with  assurance  that  with  a  little  more  expe- 
rience and  experiment  electrometallurgists  will  be  able  to  furnish 
the  steel  maker  with  electric  steel  furnaces  as  large  as  are  wanted — 
up  to  200  tons'  capacity,  if  desired. 
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ANCIENT  AND  MODERN  VIEWS  REGARDINQ  THE 
CHEMICAL  ELEMENTS.* 


By  Prof.  Sib  William  Rajisat,  K.C.B.,  Ph.D.,  LL.D.,  D.Sc.,  M.D.,  F.R.S. 


It  has  been  the  usual  custom  of  mj  predecessors  in  office  either  to 
give  a  summary  of  the  progress  of  science  within  the  past  year  or  to 
attempt  to  present  in  intelligible  language  some  aspect  of  the  science 
in  which  they  have  themselves  been  engaged.  I  possess  no  qualifica- 
tions  for  the  former  course,  and  I  therefore  ask  you  to  bear  with  me 
while  I  devote  some  minutes  to  the  consideration  of  ancient  and 
modem  views  regarding  the  chemical  elements.  To  many  in  my 
audience  part  of  my  story  will  prove  an  oft-told  tale;  but  I  must 
ask  those  to  excuse  me,  in  order  that  it  may  be  in  some  wise  complete. 

In  the  days  of  the  early  Greeks  the  word  ''element"  was  applied 
rather  to  denote  a  property  of  matter  than  one  of  its  constituents. 
Thus,  when  a  substance  was  said  to  contain  fire,  air,  water,  and  earth 
(of  which  terms  a  childish  game  doubtless  once  played  by  all  of  us 
is  a  relic),  it  probably  meant  that  they  partook  of  the  nature  of  the 
so-called  elements.  Inflammability  showed  the  presence  of  concealed 
fire;  the  escape  of  ''airs''  when  some  substances  are  heated  or  when 
vegetable  or  animal  matter  is  distilled  no  doubt  led  to  the  idea  that 
these  airs  were  imprisoned  in  the  matters  from  which  they  escaped; 
hardness  and  permanence  were  ascribed  to  the  presence  of  earthy 
while  Uquidity  and  fusibility  were  properties  conveyed  by  the  pres- 
ence of  concealed  water.  At  a  later  date  the  Spagyiics  added  three 
hyx>ostatical  principles  to  the  quadrilateral;  these  were  salt,  sulphur, 
and  mercury.  The  first  conveyed  solubility,  and  fixedness  in  fire; 
the  second,  inflammability;  and  the  third,  the  power  which  some 
substances  manifest  of  producing  a  Uquid,  generally  termed  "phl^m," 
on  Implication  of  heat,  or  of  themselves  being  converted  into  the  liquid 
state  by  fusion. 

It  was  Robert  Boyle,  in  his  Skeptical  Chymist,  who  first  contro- 
verted these  ancient  and  medieval  notions,  and  who  gave  to  the  word 

1  Presidential  address  by  Prof.  Ramsay  at  the  Portsmonth  meeting  of  the  British  A8sociati<m  lor  the 
jUlranoemeot  of  Bcieiioe,  1911.  Reprinted  by  pecmisslon  from  aathor's  Mpante,  omitting  introdnotofy 
matter  on  irork  of  the  association. 
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element  the  meaning  that  it  now  possesses — the  constituent  of  a 
compound.  But  in  the  middle  of  the  seyenteenth  century  chem- 
istry had  not  advanced  far  enough  to  make  his  definition  useful;  for 
he  was  unable  to  suggest  any  particular  substance  as  elementary. 
And,  indeed,  the  main  tenet  of  the  doctrine  of  phlogiston,  promiil- 
gated  by  Stahl  in  the  eighteenth  centuiy,  and  widely  accepted,  was 
that  all  bodies  capable  of  burning  or  of  being  converted  into  a  calx, 
or  earthy  powder,  did  so  in  virtue  of  the  escape  of  a  subtle  fluid 
from  their  pores;  this  fluid  could  be  restored  to  Uie  calces  by  heating 
them  with  other  substances  rich  in  phlogiston,  such  as  charcoal,  oil, 
flour,  and  the  like.  Stahl,  however  false  his  theory,  had  at  least  the 
merit  of  having  constructed  a  reversible  chemicid  equation: 

Metal— phlogiston— Calx;  Calx + phlogiston— MetaL 

It  is  difficult  to  say  when  the  first  element  was  known  to  be  an 
element.  After  Lavoisier's  overthrow  of  the  phlogistic  hypothesis, 
the  part  played  by  oxygen,  then  recently  discovered  by  Priestley  and 
Scheele,  came  prominently  forward.  Loss  of  phlogiston  was  identi- 
fied with  oxidation;  gain  of  phlogiston  with  loss  of  o^^rgen.  The 
scheme  of  nomenclature  (M6thode  de  Nomenclature  chimique), 
published  by  Lavoisier  in  conjimction  with  Guyton  de  Morveau, 
BerthoUet,  and  Fourcroy,  created  a  system  of  chemistry  out  of  a 
wilderness  of  isolated  facts  and  descriptions.  Shortly  after,  in  1789, 
Lavoisier  published  his  Traits  de  Chimie,  and  in  the  preface  the 
words  occur:  "If  we  mean  by  elements  the  simple  and  indivisible 
molecules  of  which  bodies  consist,  it  is  probable  that  we  do  not 
know  them;  if,  on  the  other  hand,  we  mean  the  last  term  in  analysis, 
then  every  substance  which  we  have  not  been  able  to  decompose  is 
for  us  an  element;  not  that  we  can  be  certain  that  bodies  which  we 
regard  as  simple  are  not  themselves  composed  of  two  or  even  a  larger 
number  of  elements,  but  because  these  elements  can  never  be  sepa- 
rated, or  rather  because  we  have  no  means  of  separating  them,  they 
act,  so  far  as  we  can  judge,  as  elements,  and  we  can  not  call  them 
simple  until  experiment  and  observation  shall  have  furnished  a  -proot 
that  they  are  so." 

The  dose  connection  between  crocus  of  Mars  and  metallic  iron, 
the  former  named  by  Lavoisier  oxyde  de  fer,  and  similar  relations 
between  metals  and  their  oxides,  made  it  likely  that  bodies  whicli 
reacted  as  oxides  in  dissolving  in  adds  and  forming  salts  must  also 
possess  a  metallic  substratum.  In  October,  1807,  Sir  Humphry 
Davy  proved  the  correctness  of  this  view  for  soda  and  potash  by  his 
famous  experiment  of  splitting  these  bodies  by  a  powerful  electric 
current  into  oxygen  and  hydrogen,  on  the  one  hand,  and  the  metals 
sodium  and  potassium,  on  the  other.  Caldum,  barium,  strontium, 
and  magnesium  were  added  to  the  list  as  constituents  of  the  oxides. 
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fime,  barytes,  strontia,  and  magnada.  Some  years  lator  Scheele's 
dq>hIogisticated  marine  acid,  obtained  by  heating  pyrolusite  with 
fspint  of  salty  was  identified  by  Davy  as  in  all  likelihood  elementary. 
Bis  words  are:  ''AU  the  conclusions  which  I  have  ventm-ed  to  make 
req>ectaiig  the  midecompoimded  nature  of  oxymuriatic  gas  are,  I 
conceive,  entir^y  confirmed  by  these  new  facts.  ♦  ♦  ♦  It  has 
been  judged  most  proper  to  suggest  a  name  founded  upon  one  of  its 
obvious  and  diaracteiistic  properties,  its  color,  and  to  call  it  chlo- 
me/'  The  subsequent  discovery  of  iodine  by  Courtgis  in  1812  and 
of  bromine  by  Balard  in  1826  led  to  the  inevitable  conclusion  that 
fluorine,  if  isdated,  should  resemble  the  other  halogens  in  propreties, 
and  much  later,  in  the  aUe  hands  of  Moissan,  this  was  shown  to  be 
trae. 

The  modem  conception  of  the  elements  was  much  strengthened  by 
Dalton's  revival  of  the  Greek  hypothesis  of  the  atomic  constitution 
of  matter  and  the  asfrigning  to  each  atom  a  definite  weight.  This 
momentous  step  for  the  progress  of  chemistry  was  taken  in  1803 ;  the 
first  account  of  the  theory  was  given  to  the  public  with  Dalton's 
consent  in  the  third  edition  of  Thomas  Thomson's  System  of  Chem- 
istry in  1807;  it  was  subsequently  elaborated  in  the  first  volume  of 
Dalton's  own  System  of  Chemical  Philosophy,  published  in  1808. 
The  notion  that  compounds  consisted  of  aggregations  of  atoms  of 
elements  united  in  definite  or  multiple  proportions  familiarized  the 
world  with  the  conception  of  elements  as  the  bricks  of  which  the 
universe  is  built.  Yet  the  more  daring  spirits  of  that  day  were  not 
without  hope  that  the  elements  themselves  might  prove  decompos- 
able. Davy,  indeed,  went  so  far  as  to  write  in  1811 :  ''It  is  the  duty 
of  the  chemist  to  be  bold  in  pursuit;  he  must  recollect  how  contrary 
knowledge  is  to  what  appears  to  be  experience.  *  *  ♦  To  inquire 
^diether  the  elements  be  capable  of  being  composed  and  decomposed 
is  a  grand  object  of  true  philosophy.''  And  Faraday,  his  great  pupU 
and  successor,  at  a  later  date,  1815,  was  not  behind  Davy  in  his  aspira- 
tions when  he  wrote:  ''To  decompose  the  metals,  to  re-form  them, 
and  to  realize  the  once  absurd  notion  of  transformation — these  are 
the  problems  now  given  to  the  chemist  for  solution." 

Indeed,  the  ancient  idea  of  the  unitary  nature  of  matter  was  in 
those  days  held  to  be  highly  probable.  For  attempts  were  soon 
made  to  demonstrate  that  the  atomic  weights  were  themselves  mul- 
tiples of  that  of  one  of  the  elements.  At  first  the  suggestion  was 
that  oj^gen  was  the  conmion  basis;  and  later,  when  this  supposition 
turned  out  to  be  imtenable,  the  claims  of  hydrogen  were  brought 
forward  by  Prout.  The  hypothesis  was  revived  in  1842  when  liebig 
and  Redtenbacher,  and  subsequently  Dimias  carried  out  a  revision 
of  the  atomic  weights  of  some  of  the  commoner  elements  and  showed 
that  Berzelius  was  in  error  in  attributing  to  carbon  the  atomic 
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weight  12.25  instead  of  12.00.  Of  recent  jears  a  great  advance  in 
the  accuracy  of  the  determinations  of  atomic  weights  has  been  made, 
chiefly  owing  to  the  work  of  Richards  and  his  pupils,  of  Gray,  and  of 
Guye  and  his  collaborators,  and  every  year  an  international  committee 
publishes  a  table  in  which  the  most  probaUe  numbers  are  given  on 
the  basis  of  the  atomic  weight  of  oxygen  being  taken  as  16.  In 
the  table  for  1911,  of  81  elements  no  fewer  than  43  have  recorded 
atomic  wei^ts  within  one-tenth  of  a  unit  above  or  below  an  int^ral 
number.  My  <nathematical  colleague,  Karl  Pearson,  assures  me 
that  the  probability  against  such  a  condition  being  fortuitous  is 
20,000  millions  to  one. 

The  relation  between  the  elements  has,  however,  been  approached 
from  another  point  of  view.  After  preliminary  suggestions  by 
Ddbereiner,  Dumas,  and  others,  John  Newlands  in  1862  and  the 
following  years  arranged  the  elements  in  the  numerical  order  of 
their  atomic  weights  and  published  in  the  Chemical  News  of  1863 
what  he  termed  his  law  of  octaves — ^that  every  eighth  element,  like  the 
octave  of  a  musical  note,  is  in  some  measiure  a  repetition  of  its  fore- 
runner. Thus,  just  as  C  on  the  third  space  is  the  octave  of  C  below 
the  line,  so  potassium,  in  1863  the  eighth  known  element  numerically 
above  sodium,  repeats  the  characters  of  sodiimi,  not  only  in  its 
physical  properties — color,  softness,  ductility,  malleability,  etc. — 
but  also  in  the  properties  of  its  compoimds,  which  indeed  resemble 
each  other  very  closely.  The  same  fundamental  notion  was  repro- 
duced at  a  later  date  and  independently  by  Lothar  Meyer  and  Dmitri 
Mendel6eff;  and  to  accentuate  the  recurrence  of  such  similar  ele- 
ments in  periods,  the  expression  ''the  periodic  system  of  arranging 
the  elements"  was  applied  to  Newlands's  arrangement  in  octaves. 
As  everyone  knows,  by  help  of  this  arrangement  Mendel6eff  predicted 
the  existence  of  then  unknown  elements  under  the  names  of  eka- 
boron,  eka-aluminium,  and  eka-siUcon,  since  named  scandiun^, 
gallium,  and  germanium  by  their  discoverers,  Qeve,  Lecoq  de  Bois- 
baudran,  and  Winckler. 

It  might  have  been  supposed  that  our  knowledge  of  the  elements 
was  practically  complete;  that  perhaps  a  fey  more  might  be  dis- 
covered to  fill  the  outstanding  gaps  in  the  periodic  table.  True,  a 
puzzle  existed  and  still  exists  in  the  classification  of  the  rare  earths, 
oxides  of  metals  occturing  in  certain  minerals;  these  metals  have 
atomic  weights  between  139  and  180,  and  their  properties  preclude 
their  arrangement  in  the  columns  of  the  periodic  table.  Besides 
these,  the  discovery  of  the  inert  gases  of  the  atmosphere,  of  the 
existence  of  which  Johnstone  Stoney's  spiral  curve,  published  in 
1888,  pointed  a  forecast,  joined  the  elements  Uke  sodium  and  potas- 
sium, strongly  electro-negative,  to  those  like  fluorine  and  chlorine, 
highly  electro-positive,  by  a  series  of  bodies  electrically  as  well  as 
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chemically  inert,  and  neon,  ftrgon,  krypton,  and  xenon  formed  links 
between  fluorine  and  sodium,  chlorine  and  potassium,  bromine  and 
rubidium,  and  iodine  and  caesium. 

Including  the  inactive  gases,  and  adding  the  more  recently  dis- 
covered elements  of  the  rare  earths,  and  radium,  of  which  I  shall 
have  more  to  say  presently,  there  are  84  definite  elements,  all  of 
whidi  find  places  in  the  periodic  table,  if  merely  numerical  values  be 
considered.  Between  lanthanum,  with  atomic  weight  139,  and  tan- 
talum, 181,  there  are  in  the  periodic  table  17  spaces;  and  although 
it  is  impossible  to  admit,  on  accoimt  of  their  properties,  that  the 
elements  of  the  rare  earths  can  be  distributed  in  successive  columns 
(for  they  all  resemble  lanthanum  in  properties),  yet  there  are  now 
14  such  elements;  and  it  is  not  improbable  that  other  3  will  be  sepa- 
rated from  the  complex  mixture  of  their  oxides  by  further  work. 
A«*nTning  that  the  metals  of  the  rare  earths  fill  these  17  spaces,  how 
many  still  remain  to  be  filled}  We  will  take  for  granted  that  the 
atomic  weight  of  uranium,  238.5,  which  is  the  highest  known,  forms 
an  upper  limit  not  likely  to  be  surpassed.  It  is  easy  to  coimt  the 
gaps;  there  are  11. 

But  we  are  confronted  by  an  embarras  de  richesse.  The  discovery 
of  radioactivity  by  Henri  Becquerel,  of  radium  by  the  Curies,  and  the 
theory  of  the  disintegration  of  the  radioactive  elements,  which  we  owe 
to  Rutherford  and  Soddy,  have  indicated  the  existence  of  no  fewer 
than  26  elements  hitherto  unknown.  To  what  places  in  the  periodic 
table  can  they  be  assigned  t 

But  what  proof  have  we  that  these  substances  are  elementary! 
Let  us  take  them  in  order. 

"Rftginning  with  radium,  its  salts  were  first  sliudied  by  Madame 
Curie;  they  closely  resemble  those  of  barium — sulphate,  carbonate, 
and  chromate  insoluble;  chloride  and  bromide  similar  in  V^rystalline 
form  to  chloride  and  bromide  of  barium;  metal,  recently  prepared  by 
Madame  Curie,  white,  attacked  by  water,  and  evidently  of  the  type 
of  barium.  The  atomic  weight,  too,  faUs  into  its  place;  as  deter- 
mined by  Madame  Curie  and  by  Thorpe,  it  is  89.5  imits  higher  than 
that  of  barium;  in  short,  there  can  be  no  doubt  that  radium  fits  the 
periodic  table,  with  an  atomic  weight  of  about  226.5.  It  is  an 
undoubted  element. 

But  it  is  a  very  curious  one,  for  it  is  unstable.  Now,  stability 
was  believed  to  be  the  essential  characteristic  of  an  element.  Radium, 
however,  disintegrates — that  is,  changes  into  other  bodies,  and  at  a 
constant  rate.  If  1  gram  of  radium  is  kept  for  1,760  years,  only  half 
a  gram  will  be  left  at  the  end  of  that  time;  half  of  it  will  have  given 
other  products.  .What  are  they?  We  can  answer  that  question. 
Rutherford  and  Soddy  found  that  it  gives  a  condensable  gas,  which 
they  named  radium-emanation;  and  Soddy  and  I  in  1903  discovered 
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that,  in  addition,  it  evolves  helium,  one  of  the  inactive  series  of  gases, 
like  argon.  Helium  is  an  undoubted  element,  with  a  well-defined 
spectrum;  it  belongs  to  a  well-defined  series.  And  radium-emana- 
tion, which  was  shown  by  Rutherford  and  Soddy  to  be  incapable  of 
chemical  union,  has  been  liquefied  and  solidified  in  the  laboratory  of 
University  College,  London;  its  spectrum  has  been  measured  and  its 
density  determined.  From  the  density  the  atomic  weight  can  be 
calculated,  and  it  corresponds  with  that  of  a  congener  of  argon,  the 
whole  series  being,  helixmi,  4;  neon,  20;  argon,  40;  krypton,  83; 
xenon,  130;  unknown,  about  178;  and  niton  (the  name  proposed  for 
the  emanation  to  recall  its  connection  with  its  congeners,  and  its 
phosphorescent  properties),  about  222.4.  The  formation  of  niton 
from  radium  would  therefore  be  represented  by  the  equation,  radium 
(226.4) -heUum  (4)+niton  (222.4). 

Niton,  in  its  turn,  disintegrates,  or  decomposes,  and  at  a  rate  much 
more  rapid  than  the  rate  of  radium;  half  of  it  has  changed  in  about 
four  days.  Its  investigation,  therefore,  had  to  be  carried  out  very 
rapidly,  in  order  that  its  decomposition  might  not  be  appreciable 
while  its  properties  were  being  determined.  Its  product  of  change 
was  named  by  Rutherford  radium  A,  and  it  is  undoubtedly  deposited 
from  niton  as  a  metal,  with  simultaneous  evolution  of  heUum;  the 
equation  would  therefore  be,  niton  (222.4) —helium  (4)+ radium  A 
(218.4).  But  it  is  impossible  to  investigate  radium  A  chemically,  for 
in  3  minutes  it  has  half  changed  into  another  solid  substance,  radium 
B,  again  giving  off  helium.  This  change  would  be  represented  by 
the  equation,  radium  A  (218.4)=  helium  (4)  + radium  B  (214.4). 
Radium  B,  again,  can  hardly  be  examined  chemically,  for  in  27 
minutes  it  has  half  changed  into  radium  O.  In  this  case,  however, 
no  helium  is  evolved,  only  atoms  of  negative  electricity,  to  which  the 
name  electrons  has  been  given  by  Dr.  Stoney,  and  these  have  minute 
weight  which,  although  approximately  ascertainable,  at  present  has 
defied  direct  measurement.  Radiimi  C^  has  a  half-life  of  19.5  minutes, 
too  short,  again,  for  chemical  investigation;  but  it  changes  into 
radium  O,  and  in  doing  so  eadi  atom  parts  with  a  helium  atom;  hence 
the  equation,  radium  C*  (214.4) —helium  (4)  +radixmi  O  (210.4).  In 
2.5  minutes  radium  O  is  half  gone,  parting  with  electrons,  forming 
radium  D.  Radiimi  D  gives  the  chemist  a  chance,  for  its  half-life  is 
no  less  than  16j^  yeaxs.  Without  parting  with  anything  detectable, 
radium  D  passes  into  radiimi  E,  of  which  the  half-life  period  is  5 
days;  and,  lastly,  radium  E  changes  spontaneously  into  radium  F, 
the  substance  to  which  Madame  Curie  gave  the  name  polonium  in 
allusion  to  her  native  countiy,  Poland.  Polonium,  in  its  turn,  is  half 
changed  in  140  days  with  loss  of  an  atom  of  helium  into  an  unknown 
metal,  supposed  to  be  possibly  lead.  If  that  be  the  case,  the  equation 
would  run,  polonium  (210.4) -helium  (4)+ lead  (206.4).    But  the 
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atomic  wei^t  of  lead  is  207.1,  and  not  206.4;  howeyer,  it  is  possible 
Uiat  the  atomic  weight  of  radium  is  227.1,  and  not  226.4. 

We  have  another  meUiod  of  approaching  Uie  same  subject.  It  is 
]MracticaIlj  certain  that  the  progenitor  of  radiimi  is  uranium,  and  Uiat 
the  transformation  of  uranium  into  radium  involves  the  loss  of  3 
alpha  particles;  that  is,  of  3  atoms  of  helium.  The  atomic  weight 
of  helium  may  be  takea  as  one  of  the  most  certain;  it  is  3.994,  as 
determined  by  Mr.  Watson,  in  my  laboratories.  Three  atoms  would 
therefore  weigh  11.98,  practically  12.  There  is,  however,  still  some 
uncertainty  in  the  atomic  weight  of  uranium;  Richards  and  Merigold 
make  it  239.4;  but  the  general  mean,  calculated  by  Clarke,  is  239. 
Subtracting  12  from  these  numbers,  we  have  the  values  227,  and 
227.4  for  the  atomic  weight  of  radium.  It  is  as  yet  impossible  to  draw 
any  certain  conclusion. 

The  importance  of  the  work  which  will  enable  a  definite,  and  sure 
conclusion  to  be  drawn  is  this:  For  the  first  time,  we  have  acciurate 
knowledge  as  to  the  descent  of  some  of  the  elements.  Supjgosing  the 
atomic  weight  of  uranium  to  be  certainly  239,  it  may  be  taken  as 
proved  that  in  losing  3  atoms  of  helium,  radium  is  produced,  and,  if 
the  change  consists  solely  in  the  loss  of  the  3  atoms  of  hdium,  the 
atomic  weight  of  radium  must  necessarily  be  227.  But  it  is  known 
that  i9-rays,  or  electrons,  are  also  parted  with  during  this  change; 
and  dectrons  have  weight.  How  many  electrons  are  lost  is  unknown; 
therefore,  although  the  weight  of  an  electron  is  approximately  known, 
it  is  impossible  to  say  how  much  to  allow  for  in  estimating  the  atomic 
weight  of  radium.  But  it  is  possible  to  solve  this  question  indirectly, 
by  determining  exactly  the  atomic  weights  of  radium  and  of  uranium; 
the  difference  between  the  atomic  weight  of  radium  plus  12,  i.  e.,  plus 
the  weight  of  3  atoms  of  helium,  and  that  of  uranium,  will  give  the 
weight  of  the  number  of  electrons  which  escape.  Taking  the  most 
probable  numbers  available,  viz,  239.4  for  uranium,  and  226.8  for 
radimn,  and  adding  12  to  the  latter,  Uie  weight  of  the  escaping  elec- 
trons would  be  0.6. 

The  correct  solution  of  this  problem  would  in  great  measure  clear 
up  ike  mystery  of  the  irr^ularitiee  in  the  periodic  table,  and  would 
account  for  Uie  deviations  from  Front's  Law,  that  the  atomic  weights 
are  multiples  of  some  common  factor  or  factors.  I  also  venture  to 
suggest  that  it  would  throw  light  on  allotropy,  which  in  some  cases  at 
least  may  very  well  be  due  to  the  loss  or  gain  of  electrons,  accompa-j 
nied  by  a  positive  or  negative  heat-change.  Incidentally,  this  sug- 
gestion would  afford  places  in  the  periodic  table  for  the  somewhat 
overwhelming  number  of  pseudo-elements  the  existence  of  which  is 
made  practically  certain  by  the  disint^ration  hypothesis.  Of  the 
26  elements  derived  from  uranium,  Uiorium,  and  actinium,  10,  which 
are  formed  by  the  emission  of  electrons  alone,  may  be  regarded  as 
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allotropes  or  pseudoelements;  this  leaves  16,  for  which  16  or  17  gaps 
would  appear  to  be  available  in  the  periodic  table,  provided  the  reas- 
onable supposition  be  made  that  a  second  change  in  the  length  of  the 
periods  has  taken  place.  It  is  above  all  things  certain  that  it  would 
be  a  fatal  mistake  to  regard  the  existence  of  such  elements  as  irrecon- 
cilable with  the  periodic  arrangement,  which  has  rendered  to  sys- 
tematic chemistry  such  signal  service  in  the  past. 

Attention  has  repeatedly  been  drawn  to  the  enormous  quantity  of 
energy  stored  up  in  radium  and  its  descendants.  That  in  its  emana- 
tion, niton,  is  such  that  if  what  it  parts  with  as  heat  during  its  disin- 
tegration were  available,  it  would  be  equal  to  three  and  a  half  million 
times  the  energy  available  by  the  explosion  of  an  equal  volume  of 
detonating  gas — a  mixture  of  1  volume  of  oxygen  with  2  volumes  of 
hydrogen.  The  major  part  of  this  energy  comes  apparently  from 
the  expulsion  of  particles  (that  is,  of  atoms  of  helium)  with  enormous 
velocity.  It  is  easy  to  convey  an  idea  of  this  magnitude  in  a  form 
more  realizable  by  giving  it  a  somewhat  mechanical  turn.  Suppose 
that  the  energy  in  a  ton  of  radium  could  be  utilized  in  3Q  years  instead . 
of  being  evolved  at  its  invariable  slow  rate  of  1,760  years  for  half- 
disint^ration,  it  would  suffice  to  propel  a  ship  of  15,000  tons,  with 
engines  of  15,000  horsepower,  at  the  rate  of  15  knots  an  hour  for  30 
years,  practically  the  lifetime  of  a  ship.  To  do  this  actually  requires 
1^  million  tons  of  coal. 

It  is  easily  seen  that  the  virtue  of  the  energy  of  the  radium  consists 
in  the  small  weight  in  which  it  is  contained;  in  other  words,  the 
radium-energy  is  in  an  enormously  concentrated  form.  I*  have 
attempted  to  apply  the  energy  contained  in  niton  to  various  purposes; 
it  decomposes  water,  ammonia,  hydrogen  chloride,  and  carbon 
dioxide,  each  into  its  constituents;  further  experiments  on  its  action  on 
salts  of  copper  appeared  to  show  that  the  metal  copper  was  con- 
verted partially  into  lithium,  a  metal  of  the  soditmi  colunm;  and 
similar  experiments,  of  which  there  is  not  time  to  speak,  indicate  that 
thorium,  zirconiiun,  titanium,  and  silicon  are  degro^ded  into  carbon; 
for  solutions  of  compounds  of  these,  mixed  with  niton,  invariably- 
generated  carbon  dioxide;  while  cerium,  silver,  mercury,  and  some 
other  metals  gave  none.  One  can  imagine  the  veiy  atoms  themselves 
exposed  to  bombardment  by  enormously  quickly  moving  helium 
atotns  failing  to  withstand  the  impacts.  Indeed,  the  argument  a 
priori  is  a  strong  one;  if  we  know  for  certain  that  radium  and  its 
descendants  decompose  spontaneously,  evolving  energy,  why  should 
not  other  more  stable  elements  decompose  when  subjected  to  enor- 
mous strains  t 

This  leads  to  the  speculation  whether,  if  elements  are  capable  of 
disintegration,  the  world  may  not  have  at  its  disposal  a  hitherto 
unsuspected  source  of  energy.    If  radium  were  to  evolve  its  stored-up 
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energy  at  the  same  rate  that  gun-cotton  does,  we  should  have  an 
undreamed-of  explosive;  could  we  control  the  rate  we  should  have  a 
useful  and  potent  source  of  enei^,  provided  always  that  a  sufficient 
supply  of  ndium  were  forthcoming.  But  the  supply  is  certainly  a 
very  limited  one;  and  it  can  be  safely  affirmed  that  the  production 
will  never  surpass  half  an  ounce  a  year.  If,  however,  the  elements 
which  we  have  been  used  to  consider  as  permanent  are  capable  of 
r.hAiiging  with  evolution  of  energy;  if  some  form  of  catalyser  could  be 
discovered  which  would  usefully  increase  their  almost  inconceivably 
slow  rate  of  change,  then  it  is  not  too  much  to  say  that  the  whole 
future  of  our  race  would  be  altered. 

The  whole  progress  of  the  human  race  has  indeed  been  due  to 
individual  members  discovering  means  of  concentrating  energy,  and 
of  transforming  one  form  into  another.  The  carnivorous  animals 
strike  with  their  paws  and  crush  with  their  teeth;  the  first  man  who 
aided  his  arm  witii  a  stick  in  striking  a  blow  discovered  how  to  con- 
centrate his  small  supply  of  kinetic  energy;  the  first  man  who  used  a 
spear  foxmd  that  its  sharp  point  in  motion  represented  a  still  more 
concentrated  form;  the  arrow  was  a  further  advance,  for  the  spear 
was  then  propelled  by  mechanical  means;  the  bolt  of  the  crossbow, 
the  bullet  shot  forth  by  compressed  hot  gas,  first  derived  from  black 
powder,  later,  from  high  explosives;  all  these  represent  progress.  To 
take  another  sequence:  The  preparation  of  oxygen  by  Priestley 
^pUed  energy  to  oxide  of  mercury  in  the  form  of  heat;  Davy  im- 
proved on  this  when  he  concentrated  electrical  energy  into  the  tip  of 
a  thin  wire  by  aid  of  a  powerful  battery,  and  isolated  potassium  and 
sodium. 

Great  progress  has  been  made  during  the  past  century  in  effecting 
the  conversion  of  one  form  of  energy  into  others,  with  as  little  useless 
expenditure  as  possible.  Let  me  illustrate  by  examples:  A  good 
steam  engine  converts  about  one-eighth  of  the  potential  energy  of  the 
fuel  into  useful  work;  seven-eighths  are  lost  as  unused  heat  and  useless 
friction.  A  good  gas  engine  utilizes  more  than  one-third  of  the  total 
enei^  in  the  gaseous  fuel;  two-thirds  are  uneconomically  expended. 
This  is  a  universal  proposition;  in  order  to  effect  the  conversion  from 
one  form  of  energy  into  another,  some  energy  must  be  expended 
uneconomically.  If  A  is  the  total  enei^  which  it  is  required  to  con- 
vert; if  B  is  the  enei^  into  which  it  is  desired  to  convert  A;  then  a 
certain  amount  of  energy,  C,  must  be  expended  to^  effect  the  conver- 
sion. In  short,  A'-B+C.  It  is  eminently  desirable  to  keep  C,  the 
useless  expenditure,  as  small  as  possible;  it  can  never  equal  zero,  but 
it  can  be  made  smalL  The  ratio  of  C  to  B  (the  economic  coefficient) 
should  therefore  be  as  large  as  is  attainable. 

The  middle  of  the  nineteenth  century  will  always  be  noted  as  the 
beginning  of  the  golden  age  of  science;  the  epoch  when  great  generali* 
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zations  were  made,  of  the  highest  importance  on  all  sides,  philosophical, 
economic,  and  scientific.  Camot,  Clausius,  Helmholtz,  Julius  Robert  . 
Mayer  abroad,  and  the  Thomsons,  Lord  Kelvin  and  his  brother  James, 
Rankine,  Tait,  Joule,  Clerk  Maxwell,  and  many  others  at  home,  laid 
the  foundations  on  which  the  splendid  structure  has  been  erected. 
That  the  latent  energy  of  fuel  can  be  converted  into  enei^  of  motion 
by  means  of  the  steam  engine  is  what  we  owe  to  Newcomen  and  Watt; 
that  the  kinetic  energy  of  the  l[ywheel  can  be  transformed  into  elec- 
trical energy  was  due  to  Faraday,  and  to  him,  too,  we  are  indebted 
for  the  reconversion  of  electrical  energy  into  mechanical  work;  and 
it  is  this  power  of  work  which  gives  us  leisure,  and  which  enables  a 
small  country  like  ours  to  support  the  population  which  inhabits  it. 

I  suppose  that  it  will  be  generally  granted  that  the  Commonwealth 
of  Athens  attained  a  high-water  mark  in  Uterature  and  thought 
which  has  never  yet  been  surpassed.  The  reason  is  not  difficult  to 
find;  a  large  proportion  of  its  people  had  ample  leisure,  due  to  ample 
means ;  they  had  time  to  think  and  time  to  discuss  what  they  thought. 
How  was  this  achieved!  The  answer  is  simple:  Each  Greek  free- 
man had  on  an  average  at  least  5  helots  who  did  his  bidding,  who 
worked  his  mines,  looked  after  his  farm,  and,  in  short,  saved  him  from 
manual  labor.  Now,  we  in  Britain  are  much  better  off;  the  popula- 
tion of  the  British  Isles  is  in  round  numbers  45  millions;  there  are 
consumed  in  our  factories  at  least  50  million  tons  of  coal  annually, 
and ''  it  is  generally  agreed  that  the  consumption  of  coal  per  indicated 
horsepower  per  hour  is  on  an  average  about  5  pounds."  (Royal  Com- 
mission on  Coal  Supphes,  Part  I.)  This  gives  7  million  horsepower 
per  year.  How  many  manpower  are  equal  to  a  horsepower  f  I  have 
arrived  at  an  estimate  thus:  A  Bhutanese  can  cany  230  pounds  plus 
his  own  weight,  in  all  400  pounds,  up  a  hill  4,000  feet  high  in  8  hours; 
this  is  equivalent  to  about  one  twenty-fifth  of  a  horsepower;  7  million 
horsepower  are  therefore  about  175  miUion  manpower.  Taking  a 
family  as  consisting  on  the  average  of  5  persons,  our  45  millions 
wo\ild  represent  9  million  famiUes;  and  dividing  the  total  manpower 
by  the  number  of  f amiUes,  we  must  conclude  that  each  British  family 
has,  on  the  average,  nearly  20  helots  doing  his  bidding,  instead  of  the 
5  of  the  Athenian  family.  We  do  not  appear,  however,  to  have 
gained  more  leisure  thereby,  but  it  is  this  tiiat  makes  it  possible  for 
the  British  Isles  to  support  the  population  which  it  does. 

We  have  in  this  world  of  ours  only  a  limited  supply  of  stored-up 
energy;  in  the  British  Isles  a  very  limited  one — namely,  our  coal 
fields.  The  rate  at  which  this  supply  is  being  exhausted  has  been 
increasing  very  steadily  for  the  last  40  years,  as  anyone  can  prove  by 
mapping  the  data  given  on  page  27,  Table  D,  of  the  General  Report 
of  the  Royal  Oommission  on  Coal  Supplies  (1906).  In  1870, 110  mil- 
lion tcm  were  mined  in  Greai  Britain,  and  ever  since  the  amount  has 
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increased  by  3^  million  tons  a  year.  The  available  quantity  of  coal 
in  the  proved  coal  fields  is  very  nearly  100,000  million  tons;  it  is 
easy  to  calciilate  that  if  the  rate  of  working  increases  as  it  is  doing  our 
coal  will  be  completely  exhausted  in  175  years.  But,  it  will  be  replied, 
the  rate  of  increase  will  slow  down.  Why!  It  has  shown  no  sign 
whatever  of  slackening  during  the  last  40  years.  Later,  of  coiu^se, 
it  must  slow  down,  when  coal  grows  dearer  owing  to  approaching 
exhaustion.  It  may  also  be  said  that  175  years  is  a  long  time;  why, 
I  myself  have  seen  a  man  whose  father  fought  in  1745  on  the  Pretend- 
er's side,  nearly  170  years  agol  In  the  life  of  a  nation  175  years  is  a 
span. 

This  constlmption  is  still  proceeding  at  an  accelerated  rate.  Be- 
tween 1905  and  1907  the  amoimt  of  coal  raised  in  the  United  Eangdom 
mcreased  from  236  to  268  million  tons,  equal  to  6  tons  per  head  of  the 
population,  against  3^  tons  in  Belgium,  2^  tons  in  Germany,  and  1 
ton  in  Prance.  Our  commercial  supremacy  and  our  power  of  com- 
peting with  other  European  nations  are  obviously  governed,  so  far  as 
we  can  see,  by  the  relative  price  of  coal;  and  when  our  prices  rise, 
owing  to  the  approaching  exhaustion  of  our  supplies,,  we  may  look 
forward  to  the  near  approach  of  famine  and  misery. 

Having  been  struck  some  years  ago  with  the  optimism  of  my  non- 
dcientific  friends  as  regards  our  future,  I  suggested  that  a  committee  of 
the  British  Science  Guild  should  be  formed  to  investigate  our  available 
sources  of  energy.  This  guild  is  an  organization  foimded  by  Sir 
Norman  Lockyer,  after  his  tenure  of  the  presidency  of  this  association, 
for  the  purpose  of  endeavoring  to  impress  on  our  people  and  their 
Government  the  necessity  of  viewing  problems  affecting  the  race  and 
the  State  from  the  standpoint  of  science;  and  the  definition  of  science 
in  this,  as  in  other  connections,  is  simply  the  acquisition  of  knowledge, 
and  orderly  reasoning  on  experience  already  gained  and  on  experi- 
ments capable  of  being  carried  out,  so  as  to  forecast  and  control  the 
course  of  events;  and,  if  possible,  to  apply  this  knowledge  to  the 
benefit  of  the  human  race. 

The  Science  Guild  has  enlisted  the  services  of  a  numbpr  of  men, 
each  eminent  in  his  own  department,  and  each  has  now  reported  on 
the  particular  source  of  energy  of  which  he  has  special  knowledge. 

Besides  considering  the  uses  of  coal  and  its  products,  and  how  they 
may  be  more  economically  employed,  in  which  branches  the  Hon.  Sir 
Charles  Parsons,  Mr.  Dugald  Clerk,  Sir  Boverton  Kedwood,  Dr. 
Beilby,  Dr.  Hele-Shaw,  Prof.  Vivian  Lewes,  and  others  have  furnished 
reports,  the  following  sources  of  energy  have  been  brought  imder 
review:  The  possibility  of  utilizing  the  tides;  the  internal  heat  of  the 
earth;  the  winds;  solar  heat;  waterpower;  the  extension  of  forests, 
and  the  use  of  wood  and  peat  as  fuels;  and  lastly,  the  possibility  of 
387a4**-«M  1911 13 


Digitized  by  CjOOQIC 


194  ANIOJAL  BEPOBT  8MITH80NIAK  INSTITUTION,  1911. 

controlling  the  undoubted  but  almost  infinitelj  slow  disintegration 
of  the  elements,  with  the  view  of  utilizing  their  stored-up  energy. 

However  interesting  a  detailed  discussion  of  these  possible  sources 
of  enei^  might  be,  time  prevents  my  dwelling  on  them.  Suffice  it  to 
say  that  the  Hon.  R.  J.  Strutt  has  shown  that  in  this  country  at  least 
it  would  be  impracticable  to  attempt  to  utilize  terrestrial  heat  from 
boreholes;  others  have  deduced  that  from  the  tides,  the  winds,  and 
waterpower  small  supplies  of  enei^  are  no  doubt  obtainable,  but  that, 
in  comparison  with  tiiat  derived  from  the  combustion  of  coal,  they  are 
negligible;  nothing  is  to  be  hoped  for  from  the  direct  utilization  of 
solar  heat  in  this  temperate  and  uncertain  climate;  and  it  would  be 
folly  to  consider  seriously  a  possible  supply  of  energy  in  a  conceivable 
acceleration  of  the  liberation  of  energy  by  atomic  change.  It  looks 
utterly  improbable,  too,  that  we  shall  ever  be  able  to  utilize  the  energy 
due  to  the  revolution  of  the  earth  on  her  axis,  or  to  her  proper  motion 
round  the  sun. 

Attention  should  undoubtedly  be  paid  to  forestry,  and  to  the  utilizar 
tion  of  our  stores  of  peat.  On  the  Continent  the  forests  are  lai^y 
the  property  of  the  State;  it  is  unreasonable,  especially  in  these  latter 
days  of  uncertain  tenure  of  property,  to  expect  any  private  owner  of 
land  to  invest  money  in  schemes  which  woiild  at  best  only  benefit  his 
descendants,  but  wUch,  under  our  present  trend  of  legislation,  do  not 
promise  even  that  remote  return.  Our  neighbors  and  rivals,  Germany 
and  France,  spend  annually  £2,200,000  on  the  conservation  and  utili- 
zation of  their  forests ;  the  net  return  is  £6,000,000.  There  is  no  doubt 
that  we  could  imitate  them  with  advantage.  Moreover,  an  increase 
in  our  forests  would  bring  with  it  an  increase  in  our  waterpower;  for 
without  forest  land  rain  rapidly  reaches  the  sea,  instead  of  distributing 
itself,  so  as  to  keep  the  supply  of  water  regular,  and  so  more  eaaiy 
utilized. 

Various  schemes  have  been  proposed  for  utilizing  our  deposita  of 
peat.  I  believe  that  in  Germany  the  peat  industry  is  moderately  prof- 
itable; but  our  humid  climate  does  not  lend  itself  to  natural  evapora- 
tion of  most  of  the  large  amount  of  water  contained  in  peat,  without 
which  processes  of  distillation  prove  barely  remunerative. 

We  must  therefore  rely  chiefly  on  our  coal  reserve  for  our  supply 
of  energy,  and  for  the  means  of  supporting  our  population,  and  it  is 
to  the  more  economical  use  of  coal  that  we  must  look,  in  order  that  our 
life  as  a  nation  may  be  prolonged.  We  can  economize  in  many  ways: 
By  the  substitution  of  turbine  engines  for  reciprocating  engines,  there- 
by reducing  the  coal  required  per  horsepower  from  4  to  5  pounds  to 
1 J  or  2  pounds ;  by  the  further  replacement  of  turbines  by  gas  engines, 
raising  the  economy  to  30  per  cent  of  the  total  energy  available  in  the 
coal,  that  is,  lowering  the  coal  consumption  per  horsepower  to  1  or  IJ 
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potiiMk;  by  creating  the  power  at  the  pit  mouth,  and  distributing  it 
electricaOyy  as  is  abeady  done  in  the  Tjne  district.  Economy  can 
also  be  effected  in  replacing  beehive  coke  ovens  by  recovery  ovens; 
this  is  rapidly  being  done;  and  Dr.  Beilby  calculates  that  in  1909 
nearly  6  million  tons  of  coal,  out  of  a  total  of  16  to  18  millions,  were 
coked  in  recovery  ovens,  thus  effecting  a  savii^  of  2  to  3  million  tons 
of  fuel  annually.  Progress  is  also  being  made  in  substituting  gas  for 
coal  or  coke  in  metallurgical,  chemical,  and  other  works.  But  it  must 
be  remembered  that  for  economic  use,  gaseous  fuel  must  not  be 
charged  with  the  heavy  costs  of  piping  and  distribution. 

The  domestic  fire  problem  is  also  one  which  claims  our  instant 
attention.  It  is  best  grappled  with  from  the  point  of  view  of  smoke. 
Although  the  actual  loss  of  thermal  energy  in  the  form  of  smoke  is 
small — at  most  less  than  a  half  per  cent  of  the  fuel  consiuned — still  the 
presence  of  smoke  is  a  sign  of  waste  of  fuel  and  careless  stoking.  In 
works  mechanical  stokers  which  insure  regularity  of  firing  and  com- 
plete combustion  of  fuel  are  more  and  more  widely  replacing  hand- 
firing.  But  we  are  still  utterly  wasteful  in  our  consumption  of  fuel 
in  domestic  fires.  There  is  probably  no  sin^e  remedy  applicable; 
but  the  introduction  of  central  heating,  of  gas  fires,  and  of  grates  which 
permit  of  better  utilization  of  fuel  will  all  play  a  part  in  economizing 
our  coal.  It  is  open  to  argument  whether  it  might  not  be  wise  to 
hasten  the  time  when  smoke  is  no  more  by  imposing  a  6-penny  fine 
for  each  offense;  an  instantaneous  photograph  could  easily  prove  the 
offense  to  have  been  committed;  and  the  imposition  of  the  fine  mi^t 
be  delayed  until  three  warnings  had  been  given  by  the  police. 

Now,  I  think  that  what  I  wish  to  convey  will  be  best  expressed  by 
an  allegory.  A  man  of  mature  years  who  has  surmounted  the  troubles 
of  childhood  and  adolescence  without  much  disturbance  to  his  physical 
and  mental  state  gradually  becomes  aware  that  he  is  suffereng  from 
loss  of  blood;  his  system  is  being  drained  of  this  essential  to  life  and 
strength.  YThat  does  he  do  t  If  he  is  sensible,  he  calls  in  a  doctor,  or 
perhaps-several,  in  consultation ;  they  ascertain  the  seat  of  the  disease, 
and  diagnose  the  cause.  They  point  out  that  while  consumption  of 
blood  is  necessary  for  healthy  life,  it  will  lead  to  a  permature  end  if 
the  constantly  increasing  drain  is  not  stopped.  They  suggest  certain 
precautionary  measures;  and  if  he  adopts  them,  he  has  a  good  chance 
of  living  at  least  as  long  as  his  contemporaries ;  if  he  n^lects  them,  his 
days  are  numbered. 

That  is  our  condition  as  a  nation.  We  have  had  our  consultation  in 
1903 ;  the  doctors  were  the  members  of  the  coal  commission.  They 
showed  the  gravity  of  our  case,  but  we  have  turned  a  deaf  ear. 

It  is  true  that  the  self-interest  of  coal  consumers  is  slowly  leading 
them  to  adopt  more  economical  means  of  turning  coal  into  energy. 
But  I  have  noticed  and  frequently  publicly  announced  a  fact*  which 
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can  not  but  strike  even  the  most  unobservant.  It  is  this :  When  trade 
is  good,  as  it  appears  to  be  at  present,  manufacture^  are  making 
money;  they  are  overwhehned  with  orders,  and  have  no  inclination  to 
adopt  economies  which  do  not  appear  to  them  to  be  essential,  and  the 
introduction  of  which  would  take  thought  and  time,  and  which  would 
withdraw  the  attention  of  their  employees  from  the  chief  object  of  the 
business — ^how  to  make  the  most  of  the  present  opportimities.  Hence 
improvements  are  postponed.  When  bad  times  come,  then  there  is  no 
money  to  spend  on  improvements;  they  are  again  postponed  until 
better  times  arrive. 

What  can  be  done  t 

I  would  answer:  Do  as  other  nations  have  done  and  are  doing; 
take  stock  annually.  The  Americans  have  a  permanent  commission 
initiated  by  Mr.  Roosevelt,  consisting  of  three  representatives  from 
each  State,  the  sole  object  of  which  is  to  keep  abreast  with  the  dindnu- 
tion  of  the  stores  of  natural  energy,  and  to  take  steps  to  lessen  its  rate. 
This  is  a  nonpolitical  imdertaking,  and  one  worthy  of  being  initiated  by 
the  ruler  of  a  great  country.  If  the  example  is  followed  here  the  ques- 
tion will  become  a  national  one. 

Two  courses  are  open  to  us;  first,  the  laissez-faire  plan  of  leaving 
to  self-interested  competition  the  combating  of  waste;  or  second, 
initiating  legislation  which,  in  the  interest  of  the  whole  nation,  will 
endeavor  to  lessen  the  squandering  of  our  national  resources.  This 
legislation  may  be  of  two  kinds:  Penal,  that  is,  imposing  a  penalty 
on  wasteful  expenditure  of  energy  supplies;  and  helpful,  that  is, 
imparting  information  as  to  what  can  be  done,  advancing  loans  at  an 
easy  rate  of  interest  to  enable  reforms  to  be  carried  out,  and  insisting 
on  the  greater  prosperity  which  would  result  from  the  use  of  more 
efficient  appliances. 

This  is  not  the  place,  nor  is  there  the  time,  to  enter  into  detail; 
the  subject  is  a  complicated  one,  and  it  will  demand  the  combined 
efforts  of  experts  and  legislators  for  a  generation;  but  if  it  be  not  con- 
sidered with  the  definite  intention  of  immediate  action,  we  shall  be  held 
up  to  the  deserved  execration  of  our  not  very  remote  descendants. 

The  two  great  principles  which  I  have  alluded  to  in  an  earlier  part 
of  this  address  must  not,  however,  be  lost  sight  of;  they  should  guide 
all  our  efforts  to  use  energy  economically.  Concentration  of  energy 
in  the  form  of  electric  current  at  high  potential  makes  it  possible  to 
convey  it  for  long  distances  through  thin  and  therefore  comparatively 
inexpensive  wires;  and  the  economic  coefficient  of  the  conversion  of 
mechanical  into  electrical  and  of  electrical  iato  mechanical  energy  is 
a  high  one;  the  useless  expenditure  does  not  much  exceed  one-twen- 
tieth part  of  the  energy  which  can  be  utilized.  These  considerations 
would  poiQt  to  the  conversion  at  the  pit  mouth  of  the  energy  of  the  fuel 
into  electrical  energy,  using  as  an  intermediary  turbines,  or  preferably 
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gas  engines;  and  distributing  the  electrical  energy  to  where  it  is 
wanted.  The  use  of  gas  engines  may,  if  desired,  be  accompanied  by 
the  production  of  half-distiQed  coal,  a  fuel  which  bums  nearly  without 
smoke,  and  one  which  is  suitable  for  domestic  fires,  if  it  is  foimd  too 
difficult  to  displace  them  and  to  induce  our  population  to  adopt  the 
more  efficient  and  economical  systems  of  domestic  heating  which  are 
used  in  America  and  on  the  Continent.  The  increasing  use  of  gas  for 
factory,  metallurgical,  and  chemical  purposes  points  to  the  gradual 
concentration  of  works  near  the  coal  mines,  in  order  that  the  laying 
down  of  expensive  piping  may  be  avoided. 

An  invention  which  would  enable  us  to  convert  the  energy  of  coal 
directly  into  electrical  energy  would  revolutionize  our  ideas  and 
methods,  yet  it  is  not  unthinkable.  The  nearest  practical  approach 
to  this  is  the  Mond  gas  battery,  which,  however,  has  not  succeeded, 
owing  to  the  imperfection  of  the  machine. 

In  conclusion,  I  would  put  in  a  plea  for  the  study  of  pure  science, 
without  regard  to  its  applications.  The  discovery  of  radium  and 
similar  radioactive  substances  has  widened  the  bounds  of  thought. 
While  themselves,  in  all  probability,  incapable  of  industrial  applica- 
tion, save  in  the  domain  of  medicine,  their  study  has  shown  us  to  what 
enormous  advances  in  the  concentration  of  enei^  it  is  permissible  to 
look  forward,  with  the  hope  of  applying  the  knowledge  thereby  gained 
to  the  betterment  of  the  whole  human  race.  As  charity  begins  at 
home,  however,  and  as  I  am  speaking  to  the  British  Association  for 
the  Advancement  of  Science,  I  would  urge  that  our  first  duty  is  to 
strive  for  all  which  makes  for  the  permanence  of  the  British  com- 
monweal and  which  will  enable  us  to  transmit  to  our  posterity  a 
heritage  not  unworthy  to  be  added  to  that  which  we  have  received 
from  those  who  have  gone  before. 
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(FARADAY  LECTURE.) 
THE  FUNDAMENTAL  PROPERTIES  OF  THE  ELEMENTS.* 


ByTHSODORB  William  Richabds, 
Frqftt$or  (/  Cheimtiryt  Harvard  Umveniijf. 


We  meet  to-night  to  honor  the  memory  of  Mchael  Faraday.  It  is 
fitting  that  we  should  ccme  to  this  historic  place,  for  here  were  his 
home  and  his  laboratory,  and  in  this  room  he  lectured.  Science  is 
one  of  tile  great  influences  promoting  the  solidarity  of  mankind;  it  is 
world  embracing,  and  recognizes  no  bounds  of  nationality.  Fara- 
day's work  especially  was  a  message  to  the  whole  world,  and  has 
grown  into  a  priceless  heritage  for  all  humanity.  Therefore,  from 
time  to  time  the  generous  guardians  of  this  famous  lectureship  have 
called  chemists  and  physicists  from  many  lands  to  honor  his  imique 
genius.  England,  Germany,  France,  Italy,  Russia,  have  all  sent 
eminent  representatives;  and  now  from  across  the  sea  there  comes  a 
pilgrim  who  is  proud  indeed  to  bring  the  homage  of  the  New  World 
to  this  shrine  of  cherished  memories.  The  many  ties  which  bind 
together  our  two  nations  add  especial  pleasure  to  the  fulfillment  of 
the  trust. 

The  mystery  that  enshrouds  the  ultimate  nature  of  the  physical 
universe  has  always  stimulated  the  curiosity  of  thinking  man.  Of 
old,  philosophers  sought  to  solve  the  cosmic  problem  by  abstract 
reasoning,  but  to-day  we  agree  that  the  only  hope  of  penetrating 
into  the  closely  guarded  secret  lies  in  the  precise  estimation  of  that 
which  is  tangible  and  visible.  Knowledge  of  the  actual  behavior  of 
material  and  of  energy  provides  the  only  safe  basis  for  logical  inference 
as  to  the  real  essence  of  things.  Faraday  was  deeply  imbued  with 
this  conviction,  and  it  is  widely  recognized  as  the  basis  of  all  modem 
experimental  science.  The  subject  of  my  lecture  to-night  concerns 
the  methods  and  general  results  of  several  extended  series  of  investi- 
gations, planned  with  the  hope  of  adding  a  httle  to  the  foundations 
of  human  knowledge  by  means  of  careful  experiment. 

iDeUwed  before  tb»  FeDowB  of  the  Chemioal  Society  in  tb»  theater  of  the  Royal  Instftation,  London, 
on  Wednesday,  Jane  14,  IdU.  Printed  in  the  Journal  of  the  Chemical  Sodetyp  London,  vol.  99,  p.  UOl, 
1911.  SeeatooProceedingsoftheChemicalSodety  Yol.27,p.  177, 191L  Printed  also  in  Sdenoe,  Cot.  27, 
1011.   Beprinted  by  permiaslon,  after  aothor's  rerbton. 
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At  the  outset  let  me  remind  you  of  an  old  saying  of  Plato's,  for  it 
sounds  the  keynote  of  the  lecture:  "If  arithmetic,  mensuration  and 
weighing  be  taken  away  from  any  art,  that  which  remains  will  not 
be  much."  ^  In  other  words,  the  soundness  of  all  important  con- 
clusions of  mankind  depends  on  the  definiteness  of  the  data  on  which 
they  are  based. 

Lord  Kelvin  said:  "Accurate  and  minute  measurement  seems  to 
the  nonscientific  imagination  a  less  lofty  and  dignified  work  than 
looking  for  something  new.  But  nearly  all  the  grandest  discoveries 
of  science  have  been  the  rewards  of  accurate  measurement  and 
patient,  long-continued  labor  in  the  minute  sifting  of  nimierical 
results."  *  The  more  subtle  and  complicated  the  conclusions  to  be 
drawn,  the  more  exactly  quantitative  must  be  the  knowledge  of  the 
facts. 

Measurement  is  a  means,  not  an  end.  Through  measurement  we 
obtain  data  full  of  precise  significance,  about  which  to  reason;  but 
indiscriminate  measurement  will  lead  nowhere.  We  must'  choose 
wisely  the  quantities  to  be  measured,  or  else  our  time  may  be  wasted. 

Among  all  quantities  worthy  of  exact  measurement  the  properties 
of  the  chemical  elements  are  surely  some  of  the  most  fundamental, 
because  the  elements  are  the  vehicles  of  all  the  manifold  phenomena 
within  the  range  of  our  perception. 

Wei^t  is  clearly  one  of  the  most  significant  of  these  properties. 
The  eighty  or  more  individual  numbers  which  we  call  the  atomic 
wei^ts  are  perhaps  the  most  striking  of  the  physical  records  nature 
has  given  us  concerning  the  earliest  stages  of  the  evolution  of  the 
universe.  They  are  mute  witnesses  of  the  first  beginnings  of  the 
cosmos  out  of  the  chaos,  and  their  significance  is  one  of  the  first 
concerns  of  the  chemical  philosopher. 

Mankind  is  not  yet  in  a  position  to  predict  any  single  atomic 
weight  with  exactness.  Therefore  the  exact  determination  of 
atomic  weights  rests  upon  precise  laboratory  work;  and  in  order  to 
arrive  at  the  real  values  of  these  fundamental  constants,  chemical 
methods  must  be  improved  and  revised  so  as  to  free  them  from 
systematic  or  accidental  errors. 

What,  now,  are  the  most  important  precautions  to  be  taken  in 
such  work  ?  These  are  worthy  of  brief  notice,  because  the  value  of 
the  results  inevitably  depends  upon  them.  Obvious  although  they 
may  be,  they  are  often  disregarded. 

In  the  first  place,  each  portion  of  substance  to  be  weighed  must  be 
free  from  the  suspicion  of  containing  imheeded  impurities;  otherwise 
its  weight  will  mean  little.  This  is  an  end  not  easily  attained,  for 
liquids  often  attack  their  containing  vessels  and  absorb  gases,  crystals 

tPkrto,  Phllebis  (trans.  Jowett),  1875,  y<d.  4,  p.  104. 

•Sir  W.  Thomson  (Lord  KelTln),  Address  to  British  AsMidatlon,  Auguit,  1871,  Life,  vol.  2,  600. 
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include  and  occlude  solyents,  precipitates  cany  down  polluting 
impurities,  dried  substances  cling  to  water,  and  solids,  even  at  high 
temperatures,  often  fail  to  discharge  their  imprisoned  contaminations. 

In  the  next  place,  after  an  analysis  has  once  begun,  every  trace  of 
each  substance  to  be  weighed  must  be  collected  and  find  its  way  in 
due  course  to  the  scale  pan.  The  trouble  here  lies  in  the  difficulty 
in  estimating,  or  even  detecting,  minute  traces  of  substances  remain- 
ing in  solution,  or  minute  losses  by  evaporation  at  high  temperatures. 

In  brief,  "the  whole  truth  and  nothing  but  the  truth''  is  the  aim. 
The  chemical  side  of  the  question  is  far  more  intricate  and  uncertain 
than  the  physical  operation  of  weighing.  For  this  reason  it  is  neither 
necessary  nor  advisable  to  use  extraordinarily  large  amounts  of  mate- 
rial From  5  to  20  grams  in  each  experiment  is  usually  enough.  The 
exclamation,  ''What  wonderfully  fine  scales  you  must  have  to  weigh 
atoms"  indicates  lack  of  knowledge.  The  real  difficulties  precede 
the  introduction  of  the  substance  into  the  balance  case.^  Every 
substance  must  be  assumed  to  be  impure,  every  reaction  must  be 
assumed  to  be  incomplete,  every  measurement  must  be  assumed  to 
contain  error,  until  proof  to  the  contrary  can  be  obtained.  Only  by 
means  of  the  utmost  care,  applied-with  ever-watchful  judgment,  may 
the  unexpected  snares  which  always  lurk  in  complicated  processes 
be  detected  and  rendered  powerless  for  evil. 

Among  all  the  possibilities  of  error,  the  imsuspected  presence  of 
water  is  perhaps  the  most  frequent  and  most  insidious.  Hence,  I  shall 
show  you  a  device  for  overcoming  this  potent  source  of  confusion,  a 
device  which  has  played  a  great  r61e  in  the  recent  researches  concern- 
ing atomic  weights  at  Harvard,  and  is  in  large  measure  responsible 
for  such  value  as  the  results  may  possess.  The  instrument  ^  enables 
one  to  dry,  inclose,  and  weigh  an  anhydrous  substance  in  such  a 
maimer  as  to  preclude  the  admission  of  a  trace  of  water  from  the 
atmosphere.  It  might  well  find  applications  in  every  quantitative 
laboratory.  The  simple  device  consists  of  a  quartz  ignition  tube 
fitted  to  a  soft-glass  tube  which  has  a  projection  or  pocket  in  one  side 
(fig.  1).  A  weighing  bottle  is  placed  at  the  end  of  the  latter  tube, 
and  its  stopper  in  the  pocket.  The  boat  containing  the  substance  to 
be  dried  is  heated  in  the  quartz  tube,  surrounded  by  an  atmosphere 
consisting  of  any  desired  mixture  of  gases.  These  gases  are  dis- 
placed after  partial  cooling,  first  by  nitrogen  and  then  by  pure  dry 
air,  and  the  boat  is  pushed  past  the  stopper  into  the  weighing  bottle, 

>  Richards,  Methods  Used  in  Precise  Chemical  Investigation,  published  by  the  Carnegie  InstitatioQ  of 
Washington,  1010,  No.  125,  p.  97. 

*  Richards,  Zeitsoh.  anoig.  Chem.,  1805,  toL  8,  p.  267;  also  Richards  and  Parker,  ibid.,  1807,  vol.  13,  p.  80. 
Two  fonns  of  apparatos  are  shown  in  this  diagram;  the  upper  drawing  depicts  the  earlier  form,  suitable  for 
a  hard  glass  or  porcelain  ignition  tube,  whereas  the  lower  drawing  Ulnstrates  a  form  slightly  different  from 
the  origixtal  anangement,  although  the  main  idea  is  the  same.  The  flat  ground  Joint  between  quarts  and 
glMB  allows  for  thoir  different  ooeffldflnts  of  expansion,  and  makes  a  quartz  tube  interchangeable  with  any 
other  la  case  of  breakage. 
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the  stopper  being  then  forced  into  place  and  the  substance  thus  shut 
up  in  an  entirely  dry  atmosphere.  The  weighing  bottle  may  now  be 
removed;  placed  in  an  ordinary  desiccator  and  weighed  at  Idsure. 
The  substance  is  reaUy  dry,  and  its  weight  has  definite  significance. 

Mention  may  be  made  also  of  another  instrument;  which  likewise 
has  greatly  facilitated  the  recent  work  at  Harvard;  namely,  the 
nephelometer.^  With  tlie  n^helometer;  minute  traces  of  suspended 
precipitate  may  be  approximatdy  determined  from  the  brightness  of 
the  light  they  reflect.  The  construction  is  very  simple.  Two  test 
tubeS;  near  together  and  slightiy  inclined  toward  one  another,  are 
arranged  so  as  to  be  partly  shielded  from  a  bright  source  of  light  by 
sliding  screens.  The  tubes  are  observed  from  above  through  two 
thin  prismS;  which  bring  their  images  together  and  produce  an  appear- 
ance resembling  that  in  the  familiar  half-shadow  polarimeter.     The 
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unknown  quantity  of  dissolved  substance  is  precipitated  as  a  faint 
opalescence  in  one  tube  by  means  of  suitable  reag^its,  and  a  known 
amount;  treated  in  exactly  the  same  way;  is  prepared  in  the  other. 
Each  precipitate  reflects  the  light;  the  tubes  appear  faintly  luminous. 
If  the  tubes  show  like  tints  to  the  eye  when  the  screens  are  similarly 
placed;  the  precipitates  may  be  presumed  to  be  equal  in  amount.  In 
case  of  inequality  of  appearance;  the  changed  positions  of  the  screens 
necessary  to  produce  equality  of  tint  give  a  fairly  accurate  guide  as 
to  the  relative  quantities  of  precipitate  in  the  two  tubes.  Traces  of 
substance;  which  are  too  attenuated  to  be, caught  on  any  ordinary 
filter;  may  thus  be  estimated. 

The  two  errors  obviated  by  tliese  simple  devices,  namely;  the 
presence  of  residual  water  and  the  loss  of  traces  of  precipitate,  respec- 
tively, have  perhaps  ruined  more  previous  investigations  than  any 

>Bkhard8,Zeit80h.a]iorK.Cliezii.,1306,Y(d.a,p.a60;  Rkhards  and  WeDs,  Ameriotn  Chemloal  Joarnal, 
1904,  ToL  31,  p.  236;  RiohArdfl,  tbid.,  1006,  voL  85,  p.  6ia 
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otiier  two  causes^  unless  the  inclusion  of  foreign  substances  hj  pre- 
cipitates may  be  ranked  as  an  equal  vitiatiog  effect.  But  these  are 
merely  details.  The  scope  and  method  of  the  recent  work  on  this 
subject  at  Harvard  Qn  the  course  of  which  30  atomic  weights  have 
been  redetermined)  may  be  seen  in  their  full  bearing  only  in  the  original 
papers.^ 

That  the  atomic  weights  may  be  connected  by  precise  mathematical 
equations  seems  highly  probable;  but,  although  many  interesting 
attempts  have  been  made  to  solve  the  problem,'  the  exact  natiu^  of 
such  relationships  has  not  yet  been  discovered.  No  attempt  which 
takes  liberties  with  the  more  certain  of  the  observed  values  is  worthy 
of  much  respect.  It  seems  to  me  that  the  discovery  of  the  ultimate 
generalization  is  not  likely  to  occur  until  many  atomic  weights  have 
been  determined  with  the  greatest  accuracy.  No  trouble  being  too 
great  to  attain  this  end,  the  Harvard  work  will  be  continued  indefi- 
nitely, and  attempts  will  be  made  to  improve  its  quality,  for  the  dis- 
covery of  an  exact  mathematical  relationship  between  atomic  weights 
would  afford  us  an  immeasurably  precious  insight  into  the  ultimate 
nature  of  things. 

But  weight  is  only  one  of  the  fundamental  properties  of  an  element 
Volume  is  almost,  if  not  quite,  as  important  in  its  own  way,  althou^ 
far  more  variable  and  confusing.  All  gases,  indeed,  approach 
closely  to  a  simple  relationship  of  volumes,  deiSned  by  the  law  of 
Gay  Lussac  and  the  rule  of  Avogadro,  and  well  known  to  you  all. 
In  the  liquid  and  solid  state,  however,  gi^^at  irregularities  are  mani- 
fest, and  very  little  system  as  regards  volume  is  generally  recognized. 

About  12  years  ago,  the  study  of  such  small  irregularities  as  exist 
among  gases  led  me  to  the  suspicion  of  a  possible  cause  for  the 
greater  irr^ularities  in  liquids  and  solids.'  On  applying  van  der 
Waals's  well-known  equation  to  several  gases,  in  some  tentative 
and  impublished  computations,  it  seemed  clear  that  the  quantity  b 
is  not  really  a  constant  quantity,  but  is  subject  to  change  under 
the  influence  of  both  pressure  and  temperature.  This  conclusion 
has  also  been  reached  independently  by  van  der  Waals  himself.^ 
But  if  the  quantity  h  (supposed  to  be  dependent  upon  the  space 

1  An  inqportant  part  in  these  roMardiM  has  been  taken  by  O.  p.  Baxter,  and  i^ 
assisted  the  aathor  in  the  work.   A  complete  bibliography  is  given  in  Publications  Camegie  Institution  of 
Washington,  1010,  No.  125,  p.  OL    Most  of  the  papers  are  reprinted  in  ftill  in  a  volume  entitled, "  Expeci- 
mmtellft  Untersuohungen  fiber  Atomgewichte,"  by  the  author  and  his  coUabocators  (Hamburg,  1909). 
The  Carnegie  Institution  of  Washington  has  generously  subsidised  the  work  in  recent  yean, 

>  See  especially  Rydberg,  Zeitsch.  anorg.  Chem.,  1897,  vol.  14,  p.  06. 

•Bidiards,  The  Slgnlflcanoe  of  Changing  Atomic  Volume,  Proceedings  American  Academy,  1901,  yclL 
S7,  p.  1;  1902,  ToL  37,  p.  300;  1902,  vol.  38,  p.  293;  1904,  voL  89,  p.  581;  Zeitoch.  physikaL  Chem.,  1902,  vol. 
40,  pp.  109, 507;  1903,  voL  42,  p.  129;  1904,  vol.  49,  p.  15. 

«  Van  der  Waab,  Zeitsch.  physikaL  Chem.,  1901,  v<d.  38,  p.  257.  His  earlier  publication  on  this  topic 
(Pioc.  R.  Akad.  Wetensch.  Amsterdam,  1898,  vol.  29,  p.  138)  was  unknown  to  me  at  that  time.  See  also 
I^ewis,  Proceedtugs  American  Academy,  1899,  voL  35,  p.  21. 
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actually  occupied  by  the  molecules)  is  changeable,  are  not  the 
molecules  themselves  compressible  ?  * 

The  next  step  in  the  train  of  thought  is  perhaps  equally  obvious. 
If  changes  in  the  bulk  of  molecules  are  to  be  inferred  even  from 
gases,  may  not  the  expansion  and  contraction  of  solids  and  liquids 
afford  a  much  better  clue  to  the  relative  expansion  and  contraction 
of  these  molecules  ? 

Most  physical  chemists  refer  all  changes  in  volume  to  changes  in 
the  extent  of  the  empty  space  between  the  molecules.  But  are 
there,  after  all,  any  such  empty  spaces  in  solids  and  liquids  ?  Solids 
do  not  behave  as  if  the  atoms  were  far  apart  within  them;  porosity 
is  often  conspicuous  by  its  absence.  Take,  for  instance,  the  case  of 
glass;  the  careful  experiments  of  Landolt  on  the  conservation  of 
wei^t  *  show  that  glass  is  highly  impermeable  to  oxygen,  nitrogen 
and  water  for  long  periods.  Such  porosity  as  occurs  in  rigid,  com- 
pact solids  usually  permits  the  passage  only  of  substances  which 
enter  into  the  chemical  structure  of  the  solids  themselves.  Thus, 
nitrogen  can  not  free  itself  from  imprisonment  within  hot  cupric 
oxide,  although  oxygen  can  escape; '  again,  water  can  not  evaporate 
into  even  the  driest  of  atmospheres  from  accidental  incarceration 
in  crystals  lacking  water  of  crystallization.*  Palladium,  on  occluding 
hydrogen,  is  obliged  to  expand  its  bulk  in  order  to  make  room  for 
even  this  small  addition  to  its  substance.  The  behavior  of  platiniun, 
nickel,  and  iron  is  probably  analogous,  although  less  marked.* 
Fused  quartz,  impermeable  when  cold,  allows  of  the  passage  of 
helium  and  hydrogen  at  high  temperatures;*  but  most  other  gases 
seem  to  be  refused  admission  and  very  many  solid  substances  appear 
to  act  as  effective  barriers  to  the  passage  of  even  hydrogen  and 
helium,  especially  when  cold.  In  these  cases,  as  in  so  many  others 
the  so-called  sphere  of  influence  of  the  atom  is  the  actual  boundary 
by  which  we  know  the  atom  and  measure  its  behavior.^  Why  not 
call  this  the  actual  bulk  of  the  atom? 

From  another  point  of  view,  the  ordinary  conception  of  a  solid 
has  always  seemed  to  me  little  short  of  an  absurdity.  A  gas  may 
very  properly  be  imagined  with  moving  particles  far  apart,  but 

1  Van  dor  Waab  speaks  caottoosly,  but  with  some  conviction,  as  to  the  probable  eonipresBlbmty  of  tbe 
molecules  on  p.  283  o(  the  paper  dted  above. 

s  H.  Landolt,  Ueber  die  Erhaltung  der  MasM  be!  chem.  Umwandlnngai,  Abhandhmg  der  ktelgl. 
preoss.  Akad.  der  Wlssenschaften,  1910. 

•  Richards,  Zeitsch.  anorg.  Chem.,  1802,  vol.  1,  p.  196;  Proceedings  American  Academy,  1888,  vol.  28,  p.  900; 
Ibid,  1898,  vol.  38,  p.  899. 

•  Baker  and  Adlam,  Jomnal  Chemical  Society  Transactions,  1911,  voL  99,  p.  507. 
:    •  Richards  and  Behr,  Publications  Carnegie  Institution,  1906,  No.  61. 

•  Jaoquerod  and  Perrot,  Compt.  rend.,  1907,  voL  144,  p.  135. 

T  Since  these  Ideas  were  first  advanced,  Barlow  and  Pope  have  brought  forward  much  Interesting  evidence 
concerning  the  signifloanoe  of  the  volumes  of  solids  and  liquids,  which  supports  the  idea  that  the  atoms 
are  closely  in  contact  with  one  another.  (Trans.,  1906,  voL  89,  p.  1675;  1907,  voL  91,  p.  1150;  1906,  voL  03, 
p.  1528;  1910,  vol.  97,  p.  2306.) 
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what  could  give  the  rigidity  of  steel  to  such  an  unstable  structure) 
The  most  reasonable  conclusion,  from  all  the  evidence  taken  together, 
seems  to  be  that  the  interstices  between  atoms  in  solids  and  liquids 
must  usually  be  small  even  in  proportion  to  the  size  of  the  atoms 
themselves,  if,  indeed,  there  are  any  interstices  at  all. 

Very  direct  and  convincing  evidence  of  another  sort  is  at  hand. 
The  idea  that  atoms  may  be  compressible  receives  striking  confirma- 
tion from  a  recent  interesting  investigation  of  Grtineisen  ^  concerning 
the  small  effect  of  low  temperatures  on  the  compressibility  of  metals. 
The  average  compressibility  of  aluminium,  iron,  copper,  silver,  and 
platinimi  falls  off  only  7  per  cent  between  the  temperature  of  the 
room  and  that  of  liquid  air.  Extrapolation  of  the  curves  indicates 
that  at  the  absolute  zero  very  little  further  diminution  should  occur. 
As  far  as  we  can  guess,  therefore,  the  hard  metals  are  almost  as  com- 
pressible at  the  absolute  zero  as  at  room  temperatures.  But  at  the 
absolute  zero  all  heat-vibration  is  supposed  i;o  stop;  hence  this 
remaining  compressibility  must  needs  be  ascribed  to  the  atoms 
themselves. 

If  the  atoms  are  compressible,  all  mathematical  reasoning  which 
assumes  them  to  be  incompressible  rests  upon  a  false  basis.  The 
kinetic  theory  of  gases  remains  unmolested  by  these  considerations, 
except  as  they  indicate  the  changeability  of  &  in  the  equation  of  van 
der  Waijs,  but  the  new  views  affect  seriously  the  application  of  this 
equation  to  soUds  and  liquids. 

Let  us  proceed  to  trace  a  few  of  the  outcomes  of  our  hypothesis. 
If  atoms  may  really  be  packed  closely  together,  the  volumes  of  solids 
and  liquids  should  afford  valuable  knowledge  concerning  the  relative 
spaces  occupied  by  the  atoms  themselves  imder  varying  conditions. 
The  densities  of  solids  and  liquids  then  assume  a  significance  far  more 
interesting  to  the  chemical  philosopher  than  before,  because  they  have 
a  more  definite  connection  with  the  fundamental  nature  of  things. 

An  apparent  objection  at  once  suggests  itself;  if  the  particles  in 
condensed  material  are  really  touching  one  another,  how  can  we 
account  for  heat  within  the  material?  Would  such  closely  packed 
atoms  be  able  to  vibrate? 

The  theory  of  compressible  atoms  supphes  as  one  of  its  own  corol- 
laries the  immediate  answer  to  this  question.  If  atoms  are  com- 
pressible throughout  their  whole  substance,  they  may  contract  and 
expand,  or  vibrate  within  themselves,  even  when  their  surfaces  are 
prevented  from  moving  by  being  closely  packed  together.  It  is  thus 
possible  to  conceive  of  a  vibrational  effect,  even  in  contiguous  atoms, 
provided  we  can  conceive  of  these  atoms  as  being  elastic  throughout 

1 E.  Orttneisen,  Ann.  Physlk,  1910  (Iv),  vol.  83,  p.  1239.  The  relative  values  for  the  oompressibilltieB 
leoorded  in  this  Investigation  aie  doubtless  trustworthy,  although  the  absolute  ma^tudes  are  somewhat 
Qooertain  because  they  depend  on  the  rather  inadequate  theory  of  elasticity. 
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all  their  substance.  Agitation  sufficient  to  produce  even  the  Brown- 
ian  movement  might  easily  exist  in  stitch  a  system. 

Clearly  there  is  nothing  impossible  or  obviously  contradictory  to 
experimental  knowledge  in  the  notion  that  atoms  are  compressible; 
indeed,  the  old  idea  of  small,  hard  particles  far  apart  is  really  more 
arbitrary  and  hypothetical  than  the  new  conception.  The  obvious 
simplicity  of  the  latter  is  rather  in  its  favor  than  otherwise,  as  in 
Dalton's  atomic  theory.  In  general,  the  more  simply  an  hypothesis 
interprets  the  phenomena  of  nature,  the  more  useful  the  hypothesis 
is  likely  to  be,  provided,  of  course,  that  the  interpretation  is  adequate. 
The  modem  philosophy  of  pragmatism  is  a  good  guide  in  such  matters; 
a  theory  not  obviously  illogical  should  be  judged  by  its  usefulness. 
Let  us  then  test  the  new  hypothesis  by  applying  it  to  other  aspects 
of  physical  chemistry. 

If  pressure  produces  a  change  in  the  sizes  of  the  atoms  and  mole- 
cules themselves,  may  not  the  actual  volumes  of  liquids  and  solids  be 
used  as  a  guide  to  the  unknown  internal  pressures  within  themt 
Can  not  we  thus  discover  whether  or  not  chemical  affinity  exerts 
pressure  in  its  action  ?  To  follow  this  clue,  the  simplest  possible  case 
was  chosen  at  first,  namely,  the  comparison  of  the  contractions  taking 
place  on  combining  several  elements  in  succession  with  a  single  very 
compressible  one.  The  changes  of  volume  occiuring  during  the  for- 
mation of  oxides  were  first  computed;  later,  chlorides  and  bromides 
were  studied.  According  to  the  theory  of  compressible  atoms,  we 
should  expect  to  find  greater  contraction  in  cases  of  greater  affinity. 
The  diagram  (fig.  2),  which  depicts  typical  data  concerning  certain 
nearly  related  chlorides,  strongly  supports  this  inference.^  One  of 
these  lines  shows  the  total  change  of  volume  which  occurs  when  a 
gram-molecule  of  chlorine  combines  with  the  equivalent  weight  of 
metal;  the  other  gives  the  heat  evolved  during  combination.  The 
lines  show  distinct  parallelism;  that  is  to  say,  reactions  evolving 
much  heat  manifest  great  contraction.  In  cases  of  this  kind  the 
heat  of  reaction  is  usually  not  very  diflFerent  from  the  change  of  free- 
energy ;  therefore  we  may  infer  that  greater  affinity  is  associated  with 
greater  contraction;  and  it  is  but  a  small  leap  in  the  dark  to  guess 
that  the  change  of  volume  is  caused  by  the  pressure  of  affinity. 
Since  chemical  attraction  holds  two  elements  firmly  together,  why 
should  it  not  exert  pressure  ?  Arid  if  it  exerts  pressure,  why  should 
not  the  volume  of  the  system  be  diminished  by  this  pressure  ? 

This  interpretation  is  not  whoUy  new.  Faraday's  great  teacher, 
Davy,*  pointed  out  for  the  first  time  a  similar  fact,  namely,  that  the 
contraction  which  takes  place  on  forming  the  oxide  of  potassium  is 

1  Richards,  ProceedingB  Anieilcftn  Academy,  1002,  vol.  37,  p.  390;  also,  especially,  RidEiards  and  Jones, 
Journal  Amerioan  Chemical  Society,  1900,  vol.  31,  p.  188. 
»  Humphry  Dayy,  Collected  Works,  1840,  voL  6,  p.  133  (footnote). 
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greater  than  the  contraction  which  takes  place  on  forming  several 
other  oxides,  and  he  ascribed  this  effect  to  the  well-known  differences 
of  affinity  in  these  cases;  but  he  did  not  carry  the  idea  further. 
Long  afterwards,  Braun/  Mueller-Erzbach,'  Hagemann,*  and  Traube,^ 
independently  and  apparently  without  knowledge  of  each  other's 
work,  called  attention  to  other  cases  of  similar  relationships. 

All  of  these  researches  have  produced  so  little  effect  on  the  litera- 
ture of  the  subject*  that  they  were  entirely  overlooked  diuing  the  * 

COMPARISON  of  HEATS  OF  FORMAHON  off  CHLORIDES 
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earlier  part  of  the  present  investigation.  The  oversight  mattered 
little,  however,  because  the  whole  subject  needed  a  fresh  attack. 
Essential  factors  in  the  situation  had  not  been  noticed  by  any  of 
these  earlier  investigators.  Affinities,  indeed,  had  been  considered, 
but  the  nature  of  the  substances  on  which  the  affinities  act  had  been 
overlooked.  Evidently  the  change  of  volume  in  any  case  must  de- 
pend not  only  on  the  intensity  of  the  pressure  exerted  by  the  affinity, 
but  also,  among  other  things,  on  the  compressibility  of  the  sub- 

1 V.  Bnon,  see  Johnson,  Journal  Chemkml  Society  Tnnsaotioaa,  1877,  voL  81,  p.  262. 
s  MneOflr-EnteclL,  Bcr.,  d.  dsotMli.  Ch.  Qm.,  im,  toL  14,  pp.  317, 2043. 

•  Higamiinn  (private  pabUofttion,  Friedttndcr,  Berlin,  1900). 

«  Tranbe,  Ueber  den  Raom  der  Atome,  Ahiens*!  Bammlong  der  dhem.  end  ohem.4eohn.  Vortiige,  vol. 
4,  p.  286. 

•  See,  for  ezan^Ie,  Oetwald'f  Otmdxlai  der  allgwnelfww  Cliemie,  1800,  p.  18fi. 
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stances  concerned.  The  greater  the  compreesibilityy  ike  greater 
should  be  the  change  of  volume  caused  by  a  given  pressure  of  aflOmty. 
Before  any  definite  conclusion  can  be  drawn,  the  differences  in  com- 
pressibility must  be  taken  into  account. 

These  thoughts  led  to  the  measuring  of  the  compressibiUties  of  a 
large  nimiber  of  elements  and  simple  compoimds.  The  previously 
employed  methods  for  soUds  and  liquids  being  unsatisfactory,  a  new 
and  highly  satisfactory  method  was  devised  for  the  work  done  at 
Harvard.  Pure  mercury  is  compressed  in  a  suitable  tube,  measuring 
both  pressure  and  change  of  volume,  and  then  most  of  the  mercury 
is  displaced  by  the  substance  to  be  studied,  again  noting  the  rela- 
tionship of  pressure  to  volume.  The  difference  between  the  com- 
pressibility of  mercury  and  that  of  the  substance  is  then  easily  cal- 
culated. Obviously,  in  such  a  method  as  this,  the  compressibility 
of  the  apparatus  itself  is  eliminated.  The  relation  of  volimie  to 
pressure  is  easily  determined  by  causing  the  mercury  meniscus  to 
make  electrical  contact  with  a  very  fine  platinum  point  in  a  tube  of 
narrow  diameter,  adding  weighed  globules  of  mercury,  and  noting 
the  corresponding  pressures.^  Time  forbids  the  description  of  the 
details  of  the  procedure. 

The  compressibiUties  of  35  elements  and  many  simple  compoimds 
were  studied  by  this  method  with  sufficient  care  to  leave  no  doubt 
as  to  their  relative  values.  It  became  at  once  manifest  that  the 
formation  of  a  compoimd  of  a  compressible  element  was  attended 
with  greater  decrease  of  volume  than  the  formation  of  a  similar  com- 
poimd of  a  less  compressible  element,  other  things  being  equal.' 
This  is  just  what  the  theory  leads  us  to  expect,  and  is  a  fact  inexplica- 
ble by  any  other  hypothesis  as  yet  known  to  me. 

Another  essential  aspect  of  the  theory  of  compressible  atoms  is 
that  which  concerns  cohesion.*  If  the  pressure  of  chemical  affinity 
causes  atomic  compression,  may  not  the  pressure  of  cohesive  affinity 
also  have  the  same  effect?  TVaube  suggested  this  possibihty,  but 
looked  at  the  whole  question  from  a  different  point  of  view.*  The 
affinity  which  prevents  soUds  and  liquids  from  vaporizing  is  generally 
admitted  to  produce  great  internal  pressure;  must  it  not  tend  to  com- 
press the  molecules  into  smaller  space  ?  Molecules  with  high  cohesive 
affinity  (those  of  substances  hard  to  volatilize)  should  be  much  com- 

1  Richards,  in  collaboration  with  Btnll,  Bonnet,  Brink,  Mathews,  Jones,  Speyers,  Publication  Carnegie 
Institute  of  Washington,  Nos.  7  and  7C;  Journal  American  Chemical  Society,  1904,  toL  26,  p.  399;  1909,  vol. 
81,  p.  164;  Zeitsch.  physlkal.  Chem.,  1904,  vol.  49,  p.  1;  1907,  vol.  61,  p.  77. 

s  Richards,  Proceedings  American  Academy,  1904,  toL  89,  p.  681. 

•  Ibid. 

«  See  especially,  Traube  Ann.  Physik.,  1897,  (ill),  vol.  61,  p.  383;  1901  (tv.),  vol.  6;  p.  648;  1902,  vol.  8,  p. 
267;  1907,  vol.  22,  p.  619;  Zeitsch.  physlkal.  Chem.,  1910,  vol.  68,  p.  289;  also  Walden,  Zeitsch.  physfkal. 
Chem.,  1909,  vol.  G6,  p.  385.  Their  interpretation  depends  largely  on  the  application  of  van  der  Waals's 
equation  and  the  complicating  assumption  of  a  oovolume;  however,  Walden's  very  recent  paper  presents  a 
number  of  Interesting  and  important  relations  concerning  internal  pressure,  which  seem  to  demand  the 
•sramption  of  atomic  compressibUity  for  their  explanation. 
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pressed  &Qd  possess  small  Yolume,  whereas  molecules  with  a  slight 
cohesiTe  aflSnitj  should  be  more  bulky.  Moreover,  those  molecides 
already  much  comj^wsed  by  their  own  self-affinity  would  naturally 
be  but  little  affected  by  additional  pressure.  Thus,  as  regards  two 
substances  otherwise  similar,  the  less  volatile  one  would  be  less  com- 
pressible, denser,  and  possess  greater  surface  tension.^  These  out- 
comes of  the  theory  agree  with  the  facts  in  80  per  cent  <rf  the  cases  thus 
far  studied;  for  example,  o-xylene  is  denser,  less  volatile,  less  com- 
pressible, and  possesses  a  greater  surface  tension  than  either  m-zylene 
or  p-xylene.'  Differences  of  structure  and  differences  of  chemical 
nature  sometimes  conceal  these  relations;  the  parallelism  appears 
most  strikingly  among  isomeric  compounds.  In  brief,  the  bulk  of 
evidence  strongly  indicates  that  cohesiveness  as  well  as  chemical 
affinity  exerts  pressure  in  its  action,  and  hence  that  each  plays  a  part 
in  determining  the  volumes  occupied  by  molecules. 

Thus  the  computation  of  the  space  occupied  by  either  a  solid  or  a 
liquid  becomes  a  very  complex  matter.  Not  only  must  the  various 
chemical  affinities  at  work  be  taken  into  account,  but  also  the  co- 
hesive attraction  of  both  factors  and  products,  and  the  compressi- 
biUties  over  a  very  wide  range  of  all  the  substances  concerned.  Dis- 
coverable parallelism  in  volume  changes  is  to  be  expected  only  when 
one  alone  of  these  tendencies  is  the  chief  variable. 

The  exact  mathematical  working  out  of  the  consequences  is  very 
far  in  the  distance,  if,  indeed,  it  can  ever  be  attained.  This  fact  does 
not,  however,  miUtate  in  the  least  against  the  plausibility  of  the  idea. 
Although  mankind  has  not  yet  been  able  to  devise  a  method  of  mathe- 
matical analysis  which  will  solve  at  one  stroke  the  gravitational  rela- 
tions of  three  bodies,  nature  is  not  on  that  account  prevented  from 
causing  three  or  more  bodies  to  act  on  one  another  with  the  force  of 
gravity,  or  astronomers  from  calculating  as  nearly  as  may  be  the 
consequences  by  a  process  of  approximation. 

Carried  through  to  its  logical  conclusion,  the  idea  that  atoms  are 
compressible  gives  one  quite  a  new  conception  of  the  molecular  me- 

i  Richards  and  Mathews,  Zeitsoh.  physikal.  Chem.,  1908,  vol.  61,  p.  440. 

t  With  the  help  of  C.L.Speyvn  I  bare  detMinliiedtheseooDStaiits  with  gnat  care.  The  sabftanoes  were 
unaiaally  pore,  thibp'Xyknb  Ireeitiic  at  13.2*.  The  detail!  will  be  published  as  soon  as  possible.  The  re- 
sults are  recorded  In  the  toUowing  table: 
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chanics  of  the  uniyerse.  The  influence  of  atomic  compressibilities 
may  be  perceiyed  eyerywhere,  and  in  most  cases  each  fact  seems  to  fit 
easily  and  wiUiout  constraint  into  its  place  in  the  hypothecs.  Eyen 
apparent  exceptions,  such  as  the  abnormal  bulk  of  ice,  may  be  ascribed 
in  a  reasonable  fashion  to  superposed  effects.  A  detailed  discussion 
of  many  appUcations  of  the  theory  is  impossible  here,. but  a  few  may 
be  suggested,  in  order  to  make  clearer  its  poesibihties. 

The  satisfying  of  each  yalence  of  an  atom  would  cause  a  depression 
on  the  atomic  surface,  owing  to  the  pressure  exerted  by  the  affinity 
in  that  spot.  The  stronger  the  affinity,  the  greater  should  be  this 
distortion.  Eyidently  this  conception  giyee  a  new  picture  of  the 
asymmetric  carbon  atom,  which,  combined  with  four  other  different 
atoms,  would  haye  upon  its  surface  d^ressions  of  four  unequal 
magnitudes,  and  be  twisted  into  an  unsymmetrical  tetrahedron.  The 
combining  atoms  would  be  held  on  the  faces  of  the  tetrahedron 
thus  formed,  instead  of  impossibly  perching  upon  the  seyeral  peaks. 
According  to  this  hypothesis,  iho  carbon  atom  need  not  be  imagined 
as  a  tetrahedron  in  the  first  place;  it  would  assume  the  tetrahedral 
shape  when  combined  with  the  other  four  atoms.  One  can  easily 
imagine  that  the  deydopment  of  each  new  yalence  would  change 
the  affinities  preyiously  exercised,  somewhat  as  a  second  depression 
in  the  side  of  a  rubber  ball  will  modify  a  forcibly  caused  dimple  in 
some  other  part.  Thus  a  part  of  the  effect  which  each  new  atom 
has  on  the  affinities  of  the  other  atoms  already  present  may  be 
explained. 

Many  other  physico-chemical  phenomena  assume  a  new  aspect 
when  yiewed  from  the  standpoint  of  this  idea.  New  notions  of  the 
mechanism  of  the  critical  phenomena,  surface  tension,  ductility, 
malleability,  tenacity,  and  coefficient  of  expansion  are  gained.  The 
peculiar  relations  of  material  and  light,  such  as  magnetic  rotation, 
fluorescence,  partial  absorption,  and  so  forth,  may  be  referred  to 
the  modified  yibratjons  of  distorted  atoms.  The  deyiations  from 
the  exact  fulfillment  of  many  older  generalizations  oonceming  yolume 
(such  as  the  equation  of  yan  der  Waals  already  cited,  the  comparatiye 
yolumee  of  aqueous  solutions,  especially  of  electrolytically  disso- 
ciated substances,^  and  the  yariations  in  the  crystal  forms  of  isomor- 
phous  substances)  are  seen  to  be  a  foregone  conclusion.  Moreover, 
the  theory,  although  not  necessarily  dependent  on  the  modem  belief 
that  atoms  are  built  up  of  numbers  of  much  smaller  corpuscles,  is 
consistent  with  that  belief,  for  would  not  such  an  entity  be 
compressible  t 

The  more  closely  the  actual  data  are  studied,  the  more  plausible 
the  hypothesis  of  compressible  atoms  appears.     Ten  years'  experience 

^  Baxter  has  very  recently  discoseed  this  matter  from  the  point  of  riew  of  the  theory  of  oomprenible 
atoms.   (Journal  American  Chemical  Society,  mi,  voL  8S,  p.  WB.) 
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with  its  interpretations  leads  me  to  feel  that  the  idea  is  highly  sug- 
gestiye  and  helpful  in  stimulating  new  search  after  truth  and  in  cor- 
relating and  codifying  diverse  facts.  By  such  fruit  are  hypotheses 
justified. 

The  relation  between  heat  of  reaction  and  change  of  volimie 
stimulates  interest  in  chemical  thermodynamics  and  ciuiosity  as  to 
the  mechanism  of  the  output  of  energy  during  chemical  change.  A 
search  for  accurate  data  wherewith  to  reason  about  this  question 
soon  revealed  the  uncertain  nature  of  many  of  the  figures.  Here,  in 
the  domain  of  thermochemistry^  as  in  those  of  atomic  weights  and 
compressibilities,  new  methods  were  needed  in  order  to  attain  pre- 
cise results.  Accordingly,  a  device  was  adopted  which  at  one  stroke 
umihilates  the  pernicious  '* cooling  correction" — the  worst  foe  to 
accuracy — ^by  merely  causing  the  temperature  of  the  jacket  around 
the  calorimeter  to  change  in  temperature  at  the  same  rate  as  the 
calorimeter  itaeit.  There  are  several  ways  in  which  this  may  be 
accompli^ed;  among  these  ways  the  following  was  chosen  as  the 
best  method  for  a  chemical  laboratory.  The  calorimeter,  inclosed  in 
a  sli^tly  larger  water-tight  vessel,  with  tubes  above — a  kind  of  sub- 
marine— ^is  immersed  imder  the  surface  of  dilute  crude  alkali  in  a 
pail.  Thermometers  inside  and  out  enable  one  to  adjust  the  tem- 
peratures at  the  same  point.  The  reaction  is  then  started  in  the  calo- 
rimeter, and  at  the  same  moment  and  at  a  corresponding  rate  acid 
is  dropped  into  the  dilute  alkali  in  the  pail,  so  that  the  two  tempera- 
tures inside  and  out  keep  pace  with  one  another.  Thus  there  is  no 
loss  of  heat  from  the  inside  vessel;  the  thermochemical  reaction  is 
strictly  adiabatic.  This  method  has  aheady  been  used  at  Harvard 
with  very  encouraging  outcome  in  determining  a  wide  variety  of 
thermochemical  data,  heats  of  combustion  of  hydrocarbons,  of  solu- 
tions of  metals  in  acids  and  of  neutralization,  specific  heats  of  solu- 
tions, and  also  of  the  elements  at  very  low  temperatures,  and  finally 
latent  heats  of  evaporation.^  It  has  proved  itself  especially  valuable 
in  the  study  of  slow  reactions,  where  the  cooling  correction  may 
become  a  large  portion  of  the  total  result.  The  effort  is  being  made 
to  apply  to  this  experimentation  concerning  chemical  energetics  the 
same  degree  of  care  which  has  recently  been  attempted  in  the  revi- 
sion of  the  atomic  weights,  and  although  on  accoimt  of  the  greater 
complexity  of  the  problem  ihe  percentage  accuracy  thus  far  reached 
has  not  equaled  that  in  the  case  of  atomic  weights,  one  can  not  help 
thinking  that  the  proportional  gain  over  previous  investigations  is 
perhaps  as  great  in  this  case  as  in  the  other. 


*  Rldiards,  in  ooUaboraUon  with  Hendenon,  Forbes,  Frevert,  Mathews,  Rowe,  Jesse,  Burgess,  and 
Tackson,  Proceedings  American  Academy,  1905,  vol.  41,  p.  3;  1907,  vol.  42,  p.  673;  1908,  vol.  43,  p.  476; 
1911,  vol.  46,  p.  363;  Journal  American  Chemical  Society,  1909,  vol.  31,  p.  1276;  1910,  vol.  32,  pp.  268, 432, 
1176;  Zeltscdi.  physlkal.  Qiem.,  1905,  voL  62,  p.  661;  1907,  vol.60,  p.  631;  1909,  vol.  70, p.  414. 
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In  thermochemical  reasoning  particularly,  accurate  data  possess  a 
significance  wholly  denied  to  cruder  results.  The  relations  between 
the  heat  of  formation  of  organic  substances,  if  determined  accurately 
enough,  may  be  hoped  to  throw  light  on  organic  structiu*e  and  the 
natiu*e  of  valence.  Approximate  values  are  of  no  use  at  all  for  such 
a  purpose.  Enough  has  been  done  already  to  suggest  relations  of  a 
highly  interestiog  sort  between  heats  of  oombustion,  heats  of  evapo- 
ration, compressibility,  and  many  other  properties;  and  to  add  sup- 
port to  the  theory  of  compreesible  atoms.^  Moreover,  taken  in  oon- 
nection  with  more  precise  knowledge  of  the  free  energy  of  chemical 
changes,  the  new  results  will  permit  the  evaluation  of  boimd  energy, 
and  give  results  which  may  decide  whether  or  not  boimd  enei^gy  is 
really  a  simple  fimction  of  change  of  heat  capacity,  as  has  been  more 
than  once  intimated.'  There  is  time  now  only  to  suggest  possibilities, 
each  of  which  would  take  hours  to  elucidate. 

How  can  we  collate  all  the  varying  properties  s6  as  to  show  their 
many-sided  relationships  t  How  can  we  piece  together  the  scattered 
evidence  so  as  to  synthesize  an  adequate  conception  of  the  ultimate 
nature  of  things?  These  questions  may  never  be  adequately 
answered,  but  science  must  ceaselessly  end^tvor  to  solve  the  problem 
which  they  present.  • 

A  first  step  is  clearly  to  find  the  way  in  which  each  property  varies 
in  relation  to  every  other.  With  this  in  mind,  let  us  appeal  to  the 
irr^ular  system  of  the  periodic  classification,  which  formed  the  sub- 
ject of  the  Fai^ay  lecture  by  Mendel6eff  22  years  ago.  This  mys- 
terious index  of  imcharted  tendencies  must  hide  within  itself  guiding 
ideas  capable  of  pointmg  us  onward. 

Clearly  each  property  must  receive,  not  merely  qualitative,  but 
strictly  quantitative  treatment.  With  this  in  mind,  let  us  compare 
our  various  facts  by  plotting  atomic  weight  in  one  direction,  and  all 
the  other  properties  in  another.  Then  by  noting  the  parallelism  or 
antiparallelism  of  the  wavy  lines  many  relationships  may  be  traced. 
The  device  is  not  new.  Camelley  compared  Lothar  Meyer's  atomic 
volume  curve  with  that  of  melting  points,  and  other  similar  data 
have  been  plotted;  but  the  method  has  not  been  used  to  its  full 
extent. 

Let  us  then  turn  to  the  diagram  (fig.  3)  in  which  the  variations  in 
a  number  of  properties  are  plotted  with  relation  to  the  atomic 
weights.  Prominent  among  the  lines  is  the  atomic-volume  curve  just 
mentioned.    Below  it  is  plotted  the  almost  parallel  line  depicting  the 

1  Richards,  Frooeedlngs  American  Academy,  1908,  vol.  39,  p.  581;  also  Zettsch.  physikBl.  Chem.,  1904,  vol. 
49,  p.  15. 

t  Hehnholte,  Lewis,  van't  Hofl,  Nemst,  and  Haber,  as  well  as  the  authdr  and  many  othen,  have  oon- 
tribnted  to  this  disctBSion.  An  interesting  r^sum^,  with  references  to  many  of  the  <^iginal  papers,  wHl 
be  foond  in  Haber's  Thermodynamics  of  Technical  Oas  Reactions  (tzanslated  by  Lamb),  London  and 
New  York,  1908. 
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com{»r6S8ibilitie8  of  the  solid  elements  as  determined  at  Harvard; 
these  are  immediately  seen  to  be,  like  the  atomic  volumes,  periodic 
functions  of  the  atomic  weights.  The  parallelism  can  not  but  suggest 
that  atomic  volume  and  compressibility  are  f  imdamentally  connected ; 
and,  indeed,  the  theoiy  of  compressible  atoms  gives  a  plausible 
explanation  of  the  connection.  We  should  expect  the  large  atomic 
volumes  to  be  more  compressible,  because  we  might  infer  from  their 
bulk  that  they  are  not  under  as  great  pressiu'es  as  the  small  volumes, 
and  material  imder  slight  pressure  is  likely  to  be  easily  compressible. 
Moreover,  the  bulky  and  easily  compressible  elements  are  in  most 
cases  more  easily  melted  and  volatOized  than  those  possessing  small 


fCOMJPARISON  of  HEATSl  N.  iqq. 

I   OF  FORMATION  of      1  J   \ 

\/^^  CHLORIDES  and      jSr  '     \ 

r^     OXIDES       IfrT  Bayn^ 
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volume  and  slight  compressibility.  This  is  just  what  we  might 
expect;  all  these  properties  combine  to  indicate  that  the  bukly 
elements  have  less  cohesion  than  the  compact  ones. 

Next,  another  set  of  waves  may  be  considered,  representing  proper- 
ties not  often  depicted  in  this  way.  These  are  Uie  heats  of  formation 
of  sundry  similar  compounds,  also  plotted  with  relation  to  the  atomic 
weights.  In  the  third  curve  are  given  the  heats  of  combination  of 
chlorine  with  other  elements,  and  below  it  a  heavy  line  depicting 
the  heats  of  the  combination  of  oxygen  with  these  elements,  both 
sets  of  quantities  being  expressed  in  terms  of  gram-equivalents. 
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These  two  run  partlj  parallel  with  one  another;  but  a  deviation 
in  the  parallelism  appearo,  which  is  full  of  soggeeliyenees.  The 
peaks  of  the  curves  representing  oxides  shift  distinctly  to  the  ri^t 
of  the  curve  representing  chlorides  as  the  atomic  wei^t  increases. 
Lithium  marks  a  maximum  with  both  curves,  but  the  oxygen  curve 
lags  greatly  at  the  succeeding  peaks,  having  its  maximum  with  lan- 
thanimi  at  the  atomic  weight  139,^  and  shifting  over  as  far  as  lead 
above  200.  This  shnple  fact  standing  alone  would  perhaps  mean 
but  little,  but  other  similar  facts  seem  to  point  in  the  same  direction. 
For  example,  the  property  of  electro-positivenees,  exhibited  by  the 
alkali  metals,  iastead  of  reappearing  in  copper,  has  been  carried  over 
with  diminished,  intensity  to  zinc;  and  finally,  among  the  higher 
atomic  weights  the  cusp  has  deserted  mercury  (the  anal<^ue  of  zinc) 
and  gone  as  far  afield  as  thallium.  Clearly  the  rate  of  progression 
which  determines  dectro-positiveness  has  a  longer  '' wave-length" 
than  that  which  determines  valence,  if  we  may  describe  the  perio- 
dicity of  these  zigzag  curves  as  waves.  Again,  the  tendency  toward 
low  melting  point  unquestionably  likewise  prepresses  with  a  longer 
''wave  length"  than  most  of  the  other  properties.  In  the  first 
complete  period,  nitrogen,  oxygen,  fluorine,  and  neon  all  have  very 
low  melting  points.  At  each  recurrence  of  these  groups  with  higher 
atomic  weights  the  melting  point  rises,  whereas  with  each  recurrence 
of  the  immediately  following  alkali  metals  the  melting  point  falls. 
By  the  time  antimony  is  reached,  this  analogue  .of  nitrogen  has  a 
melting  point  as  high  as  900^  absolute,  whereas  the  next  alkali  metal 
has  the  lowest  melting  point  of  all  these  metals.  Clearly  the  prop- 
erty of  melting  has  shifted  toward  the  right.  Other  examples  of  a 
similar  kind  have  been  pointed  out  by  others,  for  example,  the  well- 
known  displacement  from  strict  periodicity  of  aigon,  cobalt,  and 
tellurium  all  point  to  an  unequal  rate  of  progression  in  isolated  cases. 
Thus,  this  phenomenon  seems  to  be  a  general  one;  the  vuious  prop- 
erties of  material  seem  1x>  oscillate  with  varying  rhythms  as  the 
atomic  weights  increase.  The  variation  is  so  great  that  one  may 
almost  suspect  not  only  varying  rhythms  but  also  rhythms  repre* 
sented  by  different  types  of  mathematical  functions. 

These  facts  suggest  a  possible  reason  for  the  great  irregularity  of 
the  last  part  of  the  periodic  table.    May  it  not  be  that  the  nature 

1  The  essential  data  for  discovering  this  gmenUsation,  namely,  the  heats  ofoxldatloiiof  the  metalshsvlng 
groat  afflnity'for  oxygeo,  are  as  follows:  Lithltun,  72;  sodium,  fib;  magnesiom,  72;  potassium,  43;  oaloiom 
70;  rubidium,  42;  strontium,  71;  oflBsium,  41;  barium,  67,  and  hmthanum,  74.  These  yahies  oorrespomd 
with  gram-e(tuivalents,  that  is,  oombftoatfoa  with  8  grams  of  oxygen,  and  are  expressed  In  kilogram* 
calories.  The  typical  oxide  is  always  meant.  The  figures  rest  chiefly  upon  the  recent  work  of  Rengade, 
de  Forcrand  and  Qunts.  References  to  most  of  the  papen  are  to  be  found  in  Abegg's  **Handba(di  der 
anorganischen  Chemie."  The  work  of  Ountt  Is  published  in  Oompt.  rend.,  190B,  yd.  186,p.  1071;  1905,  vcL 
140,  p.863;  Bull.8oc.chlm.,  1000(iiI),T(d.  35,p.fi03.  The  work  on  lanthanum  was  doneby  Hatlgnon,  Ann. 
Chhn.  Phys.,  1906  (yill),  yol.  8,  p.  426.  The  heat  of  oxidatton  of  beryllium  Is  not  accurately  known,  but 
sfaioe  the  oxide  may  be  decomposed  by  mMMsinm  at  high  tempeiatuies,  the  yalue  is  Tery  probably  lest 
than  70  calories  per  gram-equivalent. 
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of  the  elements  is  determined  by  several  fundamental  tendencies 
which  may  be  compared  to  the  Mendelian  characters  of  the  modem 
theory  of  heredity)  If  these  characters  recur  at  different  intervals 
as  the  atomic  weight  increases,  a  given  rhythm  occurring  at  first 
would  necessarily  be  obliterated  toward  the  end  of  the  system.  To 
change  the  analogy  and  borrow  a  term  from  the  nomenclature  of 
light,  we  may  say  that  the  tendencies  which  produce  the  curves  in 
this  diagram,  might  first  re&iforce  and  afterwards  interfere  with  one 
another,  because  they  possess  different  wave  lengths.  At  first, 
overlapping  might  accentuate  one  set  of  properties;  later  the  changing 
relation  might  annihilate  this  set  of  properties  and  cause  another. 
Thus,  all  the  varieties  of  material  may  be  functions  of  some  few 
fundamental  characteristics  which  progress  at  different  rates  as  the 
atomic  weights  increase. 

Any  attempt  to  discover  the  nature  of  these  fundamental  tenden- 
cies must  be  of  a  highly  speculative  character.  In  our  ignorance  we 
can  not  distinguish  between  cause  and  effect.  The  well-known  defi- 
nite relations  of  the  spectrum  lines  suggest  that  at  least  one  of  the 
essential  requirements  for  the  existence  of  an  atom  may  be  suscep- 
tibility to  certain  definite  harmonic  vibrations;  those  compressible 
atoms  capable  of  vibrating  in  certain  rhythms  may  be  permanent, 
whilst  other  aggregations  may  be  imstable.  The  gap  in  tiie  periodic 
system  where  ekaiodine  and  ekacffisium  should  be,  and  the  ftmfLgnng 
instability  of  the  elements  immediately  following,  supports  the 
notion. 

But  here  we  have  a  cosmic  puzzle  for  future  solution.  To-day  we 
lack  adequate  data;  we  are  blocked  at  every  turn  by  our  ignorance; 
therefore,  the  immediate  problem  is  to  discover  and  test  each  step 
as  carefully  as  possible.  When  the  facts  have  been  ascertained, 
man  will  have  a  solid  basis  upon  which  to  build  his  future  super- 
structiu^  of  theoretical  interpretation. 

The  quest  is  not  dictated  by  mere  ciuriosity  alone.  All  organic- 
life  is  actuated  by  chemical  energy,  and  exists  in  a  mechanism  and 
environment  composed  of  chemical  substances;  and  the  effort  to 
understand  these  essential  conditions  of  human  existence  constitutes 
one  of  the  most  important  objects  of  human  endeavor.  Superficial 
observation  of  the  complex  phenomena  of  life  can  do  but  little;  as 
Faraday  well  knew,  patient  study  of  the  fundamental  laws  of  the 
physicsd  imiverse  alone  can  help  to  imravel  the  interwoven  threads. 
Health,  well-being,  and  a  profound  philosophic  outlook  are  alike 
dependent  upon  the  result.  No  one  can  predict  how  far  we  shall  be 
enabled  by  means  of  our  limited  intelligence  to  penetrate  into  the 
mysteries  of  a  imiverse  immeasurably  vast  and  wonderful;  never- 
theless, each  step  in  advance  is  certain  to  bring  new  blessing  to 
humanity  and  new  inspiration  to  greater  endeavor. 
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THE  PRODUCTION  AND  IDENTIFICATION  OF  ARTIFICIAL 
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By  NoxL  HxATON,  B.  So.,  F.  0.  8. 


During  recent  years  the  production  of  artificial  stones  on  a  commer- 
cial scale  has  become  an  accomplished  fact,  and  a  great  many  miscon- 
ceptions and  misleading  statements  have  been  made  as  to  the  relation 
which  these  productions  bear  to  natural  products  on  the  one  hand  and 
imitations  gems  on  the  other.  It  may  therefore  be  of  some  use  to 
make  the  matter  clear  by  describing  as  fully  as  circimistances  permit 
what  Ixas  been  done  in  this  direction  and  what  has  not  been  done; 
what  is  practicable  and  what  is  impracticable  in  the  present  state  of 
our  knowledge. 

I  suppose  there  are  few  subjects  of  interest  from  so  many  points  of 
view  as  that  of  precious  stones.  The  beauty  and  rarity  of  fine  speci- 
mens has  from  time  immemorial  rendered  them  the  most  treasured  of 
possessions.  With  the  romance  that  surrounds  this  aspect  of  the 
question  we  have  nothing  whatever  to  do  to-night,  except  to  bear  in 
mind  that  on  account  of  their  great  value  men  have  for  centuries 
strained  th^  ingenuity  to  solve  the  mystery  that  surroimds  the  origin 
of  such  stones,  and  amass  wealth  by  producing  them  at  will  instead  of 
by  the  laborious  and  highly  speciilative  process  of  digging  for  them 
in  the  earth. 

Until  the  development  of  modan  science  and  accurate  methods  of 
investigation  this  problem  resisted  all  attempts  at  solution,  and  it  is, 
in  fact,  only  witlun  the  last  few  years  that  the  artificial  production  of 
any  species  of  gem  on  a  commercial  scale  has  become  practicable. 

Of  course,  one  can  cut  the  Qordian  knot  by  preparing  a  coloraUe 
imitation  of  the  real  thing,  but  that  ia  quite  another  matter,  and  I  want 
to  make  it  quite  clear  at  this  point  that  I  propose  to  limit  the  term '  'arti- 
ficial "  to  such  productions  as  possess  the  same  chemical  composition 
and  physicial  constants  as  the  natural  stones,  differing  from  them  <mly 
in  minute  details  consequ^it  upon  their  being  produced  in  the  labora- 

1  B6Ml  before  tbe  Royal  Soctoty  of  Arts,  Wednesday,  April  96, 19U.  Reprinted  by  penniasion  from 
Jounal  of  the  Royal  Sodety  of  Arts,  London,  No.  8040,  VoL  n,  Apr.  28, 1011. 
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torj  instead  of  being  dug  out  of  the  earth;  all  other  makeshifts  being 
properly  described  as '  'imitations."  The  production  of  imitation  gems 
is  by  no  means  a  modem  invention,  as  is  doubtless  well  known  to  you. 
To  go  no  further  back  than  the  time  of  the  Roman  Empire,  the  master 
glassmakers  of  the  dawn  of  our  era,  whose  skill  and  knowledge  of  glass- 
making  one  appreciates  more  highly  the  more  one  investigates  the 
industrial  life  of  those  times,  were  able  to  imitate  almost  any  precious 
stone  exactly,  as  far  as  outward  appearance  went,  in  colored  g^ass — 
and  not  only  the  transparent  gems,  but  the  structure  of  such  semi- 
precious stones  as  agate,  cornelian,  lapis,  and  porphyry.  It  would  be 
quite  out  of  place  to  devote  any  time  to-night  to  this  historical  aspect 
of  imitation  gems,  but  I  can  not  refrain  from  alluding  to  the  remark- 
able examples  of  such  imitations  found  by  Mr.  WooUey  at  E^aranog,^ 
from  which  it  is  difficult  to  resist  the  conclusion  that  in  quite  early 
times  Nubia  was  the  center  of  this  industry.  To  judge  by  the  stories 
one  reads  about  jewels  in  those  times — stories  of  the  Emperor  Com- 
nenus,  for  example — one  suspects  that  the  glassmakers  turned  their 
skill  in  this  direction  to  some  account  and  considerable  profit  on  behalf 
of  an  ignorant  and  somewhat  credulous  aristocracy;  for  in  those  days, 
and,  in  fact,  until  quite  recently,  not  only  was  the  nomenclature  of 
gems  very  vague,  but  methods  of  identification  were  chiefly  remarkable 
for  their  nonexistence. 

The  chief  criterion  of  a  precious  stone  was  its  color,  so  much  so  that 
throughout  medieval  times  blue  glass  was  known  as  sapphire  and 
green  ^ass  as  beryl,  etc.,  giving  rise  to  the  leg^id  that  in  the  time  of 
Queen  Elizabeth  windows  were  glazed  with  sheets  of  beryl.'  As  the 
tendency  still  lingers  to  regard  all  red  stones  as  rubies  and  green  as^ 
emeralds,  and  so  on,  I  would  like  to  make  it  dear  at  this  point  that] 
color  is  really  quite  an  accidental  propwty  of  precious  stones;  the^ 
substance  of  which  neariy  every  species  of  transparent  gem  is  essen-^ 
tially  composed  is  coloriess,  and  the  color  is  really  produced  by  minute 
proportions  of  impurity. 

This  being  the  case,  we  find  that  on  the  one  hand  the  same  species  of 
gem  stone  may  exist  in  a  large  variety  of  colors,  and  on  the  other  hand 
that  a  color  characteristically  associated  with  one  gem  may  often  be 
found  in  another  having  essentially  different  composition  and  prop- 
erties. Owing  to  this  confusion  it  was  very  difficult  to  draw  the  line 
between  a  genuine  and  imitation  stone  until  the  various  species  of  gem 
stone  were  acciurately  defined  and  their  names  cleariy  associated  with 
particular  composition  and  properties,  the  determination  of  which 
forms  at  the  present  time  a  means  of  distinguishing  one  from  another, 

1  Xaranog,  by  C.  L.  WooUey  and  D.  RandaU.    Maolvw:  PhUadelpliia  Museum,  1910. 

t  This  IB  quoted  in  HoUinsshed.    We  read  in  TheophiloB  (n,  cap.  xU)  of  "tabulaa  saphlrl  preUoeat  ao 
satis  utiles  in  feneatris."  Inapnfiioas  paper(Joiinial,Mar.U^lM7)Iliav«tliowntaowtbanaiM 
varloasly  iqpiplied. 
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and  also  of  deciding  whether  an  alleged  gem  is  genuine  or  imitation 
with  ease  and  certainty. 

The  scientific  examination  and  identification  of  gems  in  this 
manner  is  a  matter  of  the  greatest  interest,  but  it  would  take  far  too 
much  time  to  discuss  it  in  detail,  and  it  is  quite  unnecessary  to  do 
sOy  because  it  has  already  been  brought  before  the  socie^  most 
esdiaustiYely  by  our  chairman,  Dr.  Miers.^  I  propose,  therefore, 
merely  to  remind  you  of  the  main  points  by  means  of  the  accom- 
panying summary  (Table  I). 

Tabls  I.—Properties  influenemg  the  valtu  of  preciaui  $tone$  and  u$ed  a$  means  qf 

identification, 

fColor. 

{Cleavage. 
Lamination. 
Inclusionfl. 

[Refractive  power  [refractometer]. 
Double  refraction  [polariscq[>e]. 
Optical  properties  <  Pleochroism  [dichroflcope]. 
Dispersion. 
Absorption  spectrum  [spectroscope]. 
fHardnesB  [hardness  points]. 

Durability JToughness. 

\Chemical  compositioii. 

{Specific  gravity. 
Thermal  conductivity. 
Xrays. 

In  order  to  bring  this  matter  up  to  date  in  the  records  of  the 
society,  however,  I  must  refer  briefly  to  one  or  two  particulars  m 
which  advance  has  been  made  since  the  time  of  these  lectures. 

The  most  important  properties  of  a  precious  stone  are  those 
depending  upon  its  refractive  powers.  Until  recently  the  accurate 
determination  of  the  refractive  index  of  a  stone  was  a  matter  involv- 
ing the  use  of  complicated  and  expulsive  instruments,  and  a  matter  for 
the  skilled  mineralogist  rather  thim  the  practical  jeweler.  It  is 
true  that  at  the  time  Dr.  Miers  published  his  lectiures  there  existed 
an  instrument  known  as  the  reflectometer,  but  the  determination 
of  the  refractive  index  with  this  was  a  matter  of  some  difi&culty 
even  in  skilled  hands,  and  its  value  for  commercial  purposes  was 
very  smaU.  Since  that  time,  however,  thanks  to  Uie  ingenuity 
of  Dr.  Herbert  Smith,  this  instrument  has  been  improved  out  of  all 
recognition,  and  in  its  place  we  have  the  Herbert  Smith  refractom- 
eter (pi.  1,  fig.  1),  by  means  of  which  anyone  of  normal  common 
s^Qse  can  determine  the  refractive  index  of  a  stone  in  a  few  seconds 
without  even  removing  it  from  its  setting,  and  which,  with  a  little 

1  Cantor  Lectures  on  PnckNU  StooM,  April,  1816. 
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practice,  will  also  enable  one  to  determine  with  similar  ease  the 
amount  and  kind  of  double  refraction  and  the  degree  of  dispersion* 

As  will  be  seen  from  the  diagram  (pi.  1,  fig.  2),  the  main  principle 
of  the  instrument  is  the  same  as  that  of  the  reflectometer,  the  refrac^ 
tive  index  being  measured  against  a  standard  of  highly  refracting 
glass  by  means  of  the  an^e  of  total  reflection,  which  of  course 
diminishes  the  nearer  the  index  of  the  stone  approaches  that  of  the 
standard.  It  is,  however,  in  the  details  of  construction  that  such 
a  marked  advance  has  be^i  made,  and  it  is  these  details  which  make 
all  the  difference  in  practical  work.  To  use  this  instrument  all  that 
has  to  be  done  is  to  place  the  stone  under  examination  in  optical 
contact  with  the  flat  surface  of  the  dense  glass,  and  arrange  it  so  that 
a  good  light  (preferably  monochromatic)  enters  the  instrument 
through  the  lower  lenticular  opening,  when  the  refractive  index 
is  read  off  directly  on  a  scale,  without  calculation.V 

Some  little  advance  has  also  been  made  in  the  construction  of  the 
dichroscope  for  determining  pleochroism.  As  will  be  seen  from  the 
illustration  (pi.  1,  fig.  3),  the  instrument  in  use  to-day  is  provided 
with  a  revolving  holder  tipped  with  wax,  to  which  the  stone  is  readily 
fixed,  leaving  both  hands  free — a  detail,  but  again  it  is  such  details 
that  count  in  practice. 

Taking  the  properties  of  precious  stones  as  a  whole,  the  great  point 
about  them  is  the  remarkable  combination  of  qualities;  it  is  not  so 
much  that  they  have  optical  properties  which  make  them  extraordi- 
narily beautiful,  or  that  they  have  remarkable  hardness  and  dura- 
Inlity,  but  they  have  both,  and  it  is  the  impossibility  of  reproducing 
this  combination  in  any  other  material  that  renders  the  detection  of 
imitations  a  matter  of  ease  in  the  hands  of  anyone  familiar  with  the 
facts. 

Of  course,  glass  is  the  obvious  material  to  use  in  the  production 
of  imitation  gems,  and,  as  I  have  indicated,  it  has  been  so  used  from 
time  immemorial.  And,  in  later  times,  while  science  was  equipping 
the  expert  in  precious  stones  with  the  means  of  identifying  them 
with  certainty,  the  maker  of  imitations  was  also  invoking  its  aid 
in  the  production  of  more  successful  imitations. 

In  modem  times  the  manufacture  of  imitation  gems  on  scientific 
lines  was  introduced  by  Strasser  in  Vienna;  hence  the  name  ''strass," 
although  ''paste''  is  the  more  commonly  used  term. 

The  finest  of  such  modem  paste  bears  little  relation  to  the  climisy 
imitations  of  early  times;  the  glass  is  specially  prepared  in  order  to 
combine,  as  far  as  possible,  the  necessary  optical  qualities  with  a 
fair  amoimt  of  durability.    It  is  well  Imown  that  by  using  lead 

>  It  t3  impossible  here  to  give  any  detailed  aocoont  of  the  ooostnictioD  and  use  of  this  instznment.  ^  Foil 
partkmlaiB  wm  be  fcmnd  in  Tha  Herbert  SnUth  Refraotometer,  pubUshed  by  J.  H.  Ste?rard,  406  Strand. 
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Plate  1. 


1.  The  Herbert  Smith  Refractometer. 
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2.  Construction  of  the  Herbert  Smith  Refractometer. 


Diaphragm 


3.  The  Dichroscope. 
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instead  of  lime  as  the  basic  constituent,  the  refractive  index  and 
dispersive  power  of  glass  are  much  increased,  and  by  replacing  the 
alkaline  constituent  by  thallium  oxide  in  the  same  manner  the 
refractive  index  may  be  raised  as  high  as  1.06  and  the  dispersion  to 
0.049.^  By  adjusting  the  composition  in  this  way,  and  preparing  the 
^ass  with  the  greatest  regard  to  the  purity  of  the  materials,  manipu- 
lating it,  moreover,  in  a  similar  elaborate  manner  to  that  employed 
in  the  production  of  glass  for  optical  instruments,  in  order  to  seciu*e 
the  utmost  freedom  from  striation  and  inclusions,  it  is  possible  to 
imitate  any  precious  stone  accurately,  as  far  as  outward  appearance 
is  concerned. 

The  trouble  is,  however,  that  with  glass  the  more  you  increase  its 
refractive  power  in  this  way  the  softer  and  less  diu'able  it  becomes, 
until  you  find  that  the  very  "dense"  flint  used  for  the  refractometer, 
having  a  refractive  index  of  1.8049,  is  so  soft  that  it  has  to  be  handled 
with  great  care  to  avoid  scratches,  and  so  little  resistant  to  decay 
that  in  a  comparatively  short  time  the  exposed  surface  becomes 
corroded,  which  is  the  one  weak  point  of  this  instrument.  It  is  true 
that  this  softness  may  be  coimteracted  to  some  extent  by  further 
adjustment  of  the  compositi(m,  adding  a  proportion  of  alumina  and 
zinc,  and  by  carefid  thermal  treatment  of  the  finished  stone  in  some 
such  manner  as  that  originally  introduced  by  Bastie,  in  which  the 
g^ass  is  case-hardened  by  plunging  whilst  hot  into  a  bath  of  oil.  In 
some  of  the  best  modem  paste  I  have  found  a  refractive  index  of 
over  1.6  combined  with  a  hardness  close  on  that  of  quartz,  but  this 
is  the  absolute  limit,  and  it  is  not  possible  in  any  way  to  obtain 
a  paste  that  can  not  be  scratched  with  a  hardened  steel  point.  Paste 
can  also  be  readily  identified  by  means  of  the  scientific  tests,  as  indi- 
cated in  Table  11. 

Tablb  II. — Ideniificaiion  ofimUaUon  precUnu  9tonea, 


Paste. 

Stones. 

Iiid«z  of  refraction  rarely  exceeds  L65. 

Index  of  refraction  ranging  up  to  2.4. 

Stngle  refracting,  or  f^Jse  doable  refracting  owing  to 

strain. 

garnet,  and  spineL    . 

never  piooonrflic 

Often  stron^y  pltwdiroio  when  ookMed. 

Hardness  always  below  7. 

Hardness  7  or  over  (with  a  fBw  exoeptiODs). 

Spedfle  gravity  osaally  above  4. 

Spedflo  gravity  usually  below  4. 

Thermal  conductivity  comparatively  higti. 

Opaque  to  X  rays. 

Traaslueent  or  transparent  to  X  rays. 

QeneiaUy  show  spherical  bubbles  and  curved  strlfie. 

FrequenUy  show  lamination  or  inolnskma. 

1  Theae  are  the  constants  given  for  the  Jena  glass,  No.  8. 07;  the  ^eoiflc  gravity  is  6.83.   Refractive  index 
of  diamaod  Is  2.4,  and  dispersion  0.087. 
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Tablb  m.—CompoMon  qf  the  prindpol  precious  eUmes, 


Vaiiety. 


Composttlon. 


Element.. 


DiuDond... 
fOoruBdom. 


Oxidee. 


[Ruby 

jSiqilililre 

lorienttl  amethyit,  f 


QotfU.. 


Almninatflt.. 


[SpineL 

I  Cbryiobefy  L  • . 


Amethyst. 

ate.. 
BeJMnib7,ete... 

[Cymoplmne 

[Atoxuidrite 


Oerbon. 
loxideof 

Isflica. 


Silicates. 


Beryl. 


Osniet. 


Olivene 

Sf^Moe..... . 

TopM. 

Toarmaline. 


Ziroon.. 


Torqaoise.. 

Opal 

PetrL 


[Aqoimarliie. 

[HesBonlte 

iPyrope. 


ll>emantoid,eto. 
(Peridot) 


Berymamatamii-f. 

Beryfltnm  ahimliiiam  silicate. 

OalHrnn  fj""»fatnin  gfHfatf  ■ 
Magnesiam  alttmlntum  siUoate. 
Iroii  altiminiim  silicate. 
Cakstmii  iroo  siMoate. 
MagnesJnm  Jroa  silicate. 


(Kanstte). 


[Jargoon... 
[HyMsiiith. 


Caldom  titanimn  sHieate. 

T<i^  iiliiifi  ifc"Mf^iti|iini  silicate. 

AJumininm  floo-silicate. 

Complez  aUcatt-lime-alamliia  silicate. 

Zlitxmimn  silicate. 

Hydroos  alcmliiliim  phosphate. 
Hydroos  siUca. 
Oaksfaiffl  eafbooate. 


The  most  important  point  to  remember  about  paste,  however,  is 
its  lack  of  durability;  it  is  not  only  too  soft  to  stand  much  wear,  but  its 
composition  is  so  unstable  that  it  rapidly  deteriorates  and  loses  its 
brilliancy  on  exposure.  You  will  see,  therefore,  that  although  there 
is  a  certain  legitimate  scope  for  such  paste  imitations  they  are  very 
unsatisfactory  substitutes  for  the  genuine  article.  This  being  the 
case,  as  scientific  knowledge  has  advanced,  attention  has  been  more 
and  more  concentrated  on  the  problem  of  producing  by  artificial 
means  the  actual  minerals  found  in  nature,  and  thus  obtaining  what 
I  have  defined  as  artificial  in  contradistinction  to  imitation  jewels, 
having  both  the  beauty  and  durability  of  the  natural  article  without 
the  objectional  concomitant  of  enormous  cost. 

The  first  point  to  be  considered  in  attacking  this  problem  is  the 
composition  of  the  stone,  as  it  is  obvious  that,  other  things  being 
equal,  the  possibilities  of  success  are  greater  with  one  of  simple  than 
one  of  comparatively  complicated  composition.  One  also  has  to 
consider,  however,  the  economic  aspect — it  is  not  much  use  devoting 
time  and  ingenuity  to  the  production  of  an  artificial  stone  when  the 
natural  one  is  so  common  that  the  cost  of  the  two  woidd  be  practically 
identicaL 
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Taking  ihese  two  points  in  conjunction,  and  confining  our  atten- 
tion for  the  moment  to  the  transparent  stones  as  sunmiarized  in 
Table  III,  the  diamond  appears  to  offer  the  most  promising  field  for 
attack  and  corundum  comes  next,  and  we  find  that  the  main  attempts 
at  artificial  production  center  round  these  species.  From  the  point 
of  view  of  composition  alone,  quartz  is  the  most  simple,  but  it  is  so 
common  in  nature  as  to  render  its  artificial  production  scarcely  worth 
while.  The  aluminate  group  off^B  some  attraction,  but  the  artificial 
production  of  crystalline  silicates  on  a  large  scale  is  a  very  difficidt 
problem,  and,  with  the  exception  of  the  emerald,  the  stones  com- 
prised in  this  group  are  so  freely  distributed  in  nature  as  to  render 
their  artificial  production  a  matter  of  academic  rather  than  industrial 
interest. 

It  is  imnecessary  to  discuss  at  any  length  the  artificial  production 
of  the  diamond^ — the  problem  has  been  attacked  by  numerous 
scientists,  and  was  solved  by  Moissan  some  years  ago.  Some  15 
years  ago,  on  the  occasion  of  tf  visit  to  Paris,  I  had  the  privilege  of 
witnessing  the  production  of  his  diamonds,  prepared,  as  all  the 
world  knows,  by  saturating  iron  with  carbon  at  the  temperature 
of  the  electric  arc  and  plunging  the  molten  mass  into  cold  water. 
The  mass  of  iron  is  then  dissolved  in  acid  and  the  residue  subjected 
to  a  laborious  process  of  extraction,  the  diamonds  being  picked  out 
by  aid  of  the  microscope.  The  largest  diamond  that  has  been  pro- 
duced in  this  way  is  barely  visible  to  the  naked  eye,  however,  and 
when  I  say  that  the  problem  of  their  production  has  been  solved, 
I  mean  from  the  scientific  point  of  view. 

The  artificial  production  of  the  diamond  is,  in  fact,  far  more  com- 
plicated than  it  appears  at  first  sight.  If  it  were  only  a  matter  of 
obtaining  the  necessary  high  temperature  to  fuse  the  carbon  to  obtain 
it  in  the  crystalline  condition  it  would  be  simple — such  high  tempera- 
tures are  readily  obtained  nowadays  by  means  of  the  electric  furnace 
and  the  oxy-acetylene  flame — but  carbon  is  one  of  those  substances 
which  pass  direct  from  the  solid  to  the  gaseous  state  under  ordinary 
atmospheric  conditions,  and  only  assumes  the  liquid  condition 
under  enormous  pressure.  The  combination  of  high  temperature 
and  enormous  pressure  can  be  obtained  momentarily  by  Moissan's 
ingenious  process,  but  to  obtain  crystals  of  any  size  it  is  necessary  to 
conduct  the  operation  on  a  very  large  scale  and  to  maintain  the  com- 
biued  temperatiu^e  and  pressiu^e  for  a  sufficient  length  of  time  to 
allow  the  liquid  carbon  to  separate  out  from  its  matrix;  moreover, 
the  entire  operation  must  be  conducted  out  of  contact  with  air,  for 
carbon  rapidly  combines  with  oxygen  at  high  temperatures. 

1 A  oomptoto  Mxxmnt  is  tjtvm  to  '•mtaMOM,"  hf  Sir  WilUaiin  Crookot  (Harpor't  Ubtnrj  of  living 
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Commercially,  we  are  as  far  from  being  able  to  produce  artificial' 
diamonds  as  in  the  days  of  the  alchemists.  It  is,  perhaps,  a  bold 
thing  to  say  that  no  such  thing  as  an  artificial  diamond  will  ever  be 
placed  on  the  market,  but  one  can  safely  assert  that  so  far  as  our 
knowledge  stands  at  present  it  is  impracticable.  In  saying  this,  I 
am  quite  aware  that  statements  as  to  the  commercial  production 
of  synthetic  diamonds  being  an  accomplished  fact  have  quite  recently 
appeared  broadcast  in  the  public  press,  but  those  who  are  responsible 
for  such  statements  are,  shall  we  say,  under  a  misapprehension  as  to 
the  meaning  generally  conveyed  by  the  term  "synthetic,"  and  are 
unable  to  follow  the  distinction  I  have  drawn  between  an  artificial 
gem  and  an  imitation. 

To  pass  on  to  corundum,  the  problem  of  its  artificial  production  is 
very  much  simplified  by  the  fact  that  its  composition  is  oxide  of 
aluminium,  and  alumina — ^which  is,  therefore,  its  amorphous  equiv- 
alent— ^fuses  to  a  liquid  under  ordinary  atmospheric  pressure  at  a 
temperature  somewhere  about  2,000^  C.  (the  exact  point  has  not  as 
yet  been  determined),  and  being  the  only  stable  oxide  of  a  strongly 
basic  metal,  it  can  be  heated  in  air  without  any  change. 

The  chief  problem  to  be  faced,  therefore,  is  that  of  attaining  the 
necessary  temperature,  and  it  is  not  surprising  that  crystalline 
alumina  was  produced  as  a  scientific  curiosity  as  far  back  as  the 
commencement  of  the  nineteenth  century.  It  is  at  this  time  that  we 
first  begin  to  hear  of  the  oxy-hydrogen  blowpipe  (or  the  gas  blow- 
pipe as  it  was  then  called),  and  in  a  book  published  in  1819,^  describ- 
ing various  experiments  with  this  new  apparatus,  we  read  that 
''two  rubies  were  placed  upon  charcoal  and  exposed  to  the  flame 
of  the  gas  blowpipe  ♦  *  ♦  after  suffering  it  to  become  cold 
♦  ♦  ♦  the  two  rubies  were  melted  into  one  bead."  This  hint 
does  not  appear  to  have  been  followed  up  for  some  considerable  time, 
however,  and  the  earlier  experimenters  in  the  production  of  artificial 
gems  worked  in  another  direction;  they  were  unable  to  obtain 
products  of  commercial  utility,  because  although  they  succeeded 
in  obtaining  crystalline  alimiina,  it  was  produced  under  conditions 
which  residted  in  the  formation  of  a  mass  of  small  crystals,  almost 
microscopic  in  size.  Moreover,  the  form  of  these  crystals  was  that 
of  the  hexagonal  plate  which  is  the  fundamental  form  of  corundum, 
and  such  a  form  woidd  be  useless  for  cutting  even  when  of  consider- 
able area,  owing  to  its  thinness.  Thus  Gaudin,  who  appears  to  have 
been  one  of  the  first  to  attain  any  success  in  tins  direction,  obtained 
a  mass  of  such  crystals  by  fusing  alum  and  potassium  sulphate  in  a 
closed  crucible.  Ebelman  obtained  similar  results  by  fusing  alumina 
with  borax,  and  later  Deville  and  Caron  used  aluminum  fluoride 
and  boric  acid.    All  these  attempts  yielded  similar  results,  as  in  each 

1  TlM  Om  Blowp^ke,  by  Dr.  B.  D.  GteifcA. 
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case  fusion  was  obtained  by  the  aid  of  a  substance  melting  at  a 
lower  temperature  which  acted  as  a  solvent.  Consequently  the 
alumina  crystallized  out  in  much  the  same  manner  as  a  salt  crystallizes 
from  a  saturated  solution,  and  to  obtain  sufficiently  large  crystals 
to  be  of  practical  use  it  woidd  be  necessary  to  conduct  the  experiment 
on  a  very  large  scale,  and  subject  the  fused  mass  to  very  slow  and 
carefully  regulated  cooling. 

In  1877  Fremy  and  Feil  attempted  to  get  over  this  difficulty  by 
using  lead  oxide  as  the  flux  and  employing  a  crucible  composed  of 
highly  acid  clay.  On  heating  up  the  mixture  in  such  a  crucible  the 
lead  oxide  melts  and  combines  with  the  alumina  to  form  lead  alum- 
inate,  and  on  further  heating  this  reacts  with  the  siUca  of  the  fire 
day,  forming  lead  silicate  and  setting  free  the  alumina,  which  crys- 
tallizes out.  But  although  very  much  larger  crystals  were  obtained 
by  this  ingenious  process,  they  had  the  same  form  and  were  too  thin 
for  industrial  employment.* 

Some  time  earUer  than  this,  however,  we  hear  of  the  oxy-hydrogen 
blowpipe  again,  for  Gaudin  had  noticed  (as  Clarke  did  in  1819)  that 
by  introducing  aliunina  into  the  flame  of  an  oxy-hydrogen  blowpipe 
he  could  obtain  globules  of  fused  alumina  similar  to  the  borax  beads 
one  makes  in  the  ordinary  blowpipe.  Gaudin  appears  to  have  taken 
it  for  granted  that  these  beads  were  amorphous — ^that  is,  an  alumina 
glass — and  it  was  not  realized  until  many  years  later  that  they  were 
really  identical  in  all  their  properties  with  natural  crystalline  corun- 
dum. When  this  was  realized,  the  commercial  production  of  conm- 
dum  became  only  a  matter  of  detail. 

Having  obtained  this  further  point,  the  idea  immediately  suggests 
itself  of  converting  small  and  useless  stones  into  valuable  gems  by 
fusing  them  together  into  one,  and,  as  a  matter  of  fact,  ^  'reconstructed 
rubies" — as  stones  produced  by  this  method  are  now  generally 
called — ^made  in  this  manner  were  the  first  artificial  gems  to  be  pre- 
pared on  a  commercial  scale.  These  were  introduced  some  quarter 
of  a  century  ago  under  the  name  of  '^Greneva  rubies,"  and  were  offered 
as,  and  resdized  the  price  of,  natural  stones,  imtil  the  method  of  their 
production  became  apparent. 

It  will,  of  course,  be  well  understood  that  the  experiments  I  have 
briefly  indicated  toward  the  artificial  production  of  corundum  had 
as  their  immediate  objective  the  formation  of  ruby,  that  being  by 
far  the  most  valuable  variety.  It  had  long  been  known  that  the  color 
of  the  ruby  was  due  to  a  trace  of  chromium,  and  by  adding  a  small 
proportion  of  potassium  or  ammonium  chromate  to  their  mixture 
Fremy  and  Feil  reproduced  accurately  the  color  of  the  ruby  in  their 
crystalline  flakes. 

1  For  a  ftill  acoonnt  of  the  history  of  these  eaiUer  attempts,  see  La  Syntlitoe  du  Rubls,  by  F.  Fremy,  1891. 
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The  process  of  producing  reconstructed  rubies  by  means  of  the 
oxy-hydrogen  blowpipe  is,  roughly,  as  follows:  The  residue  from 
cutting  rubies  and  small  worthless  stones  is  brok^i  into  coarse  sand, 
a  small  quantity  of  which  is  placed  on  the  center  of  a  disk  of  platinum ; 
this  is  then  carefully  brought  to  the  fusion  point,  care  being  taken 
at  this  stage  not  to  raise  the  temperature  to  such  an  extent  as  to 
melt  the  platinum  support.  As  soon  as  this  mass  is  fused  it  serves 
to  protect  the  platinum,  and  the  reconstructed  ruby  can  be  built 
up  on  it  by  adding  the  fragments  of  ruby  one  at  a  time  by  means  of 
small  platinum  forceps.  These  pieces  have  to  be  dropped  on  with 
great  care  in  order  to  secure  incorporation  with  the  mass  and  pre- 
vent as  far  as  possible  the  formation  of  air  bubbles.  It  will  be  readily 
imderstood  that  this  process  is  a  tedious  and  laborious  one,  and,  in 
fact,  the  formation  of  masses  of  sufficient  size  to  yield  large  stones 
on  cutting  is  a  matter  of  such  difficulty  that  the  cost  of  production 
is  very  high. 

Just  about  seven  years  ago,  however,  Vemeuil*  overcame  this 
restriction  when  he  hit  on  the  extremely  ingenious  idea  of  intro- 
ducing the  raw  material  through  the  blowpipe,  and  thus  placing 
it  on  the  support  automatically.  The  diagram  (pi.  2,  fig.  1)  shows 
the  principle  of  his  apparatus.  The  blowpipe  is  arranged  vertically 
over  a  small  insidated  chamber  containing  the  support  on  which  the 
mass  is  to  be  built  up.  The  oxygaa  tube  communicates  at  its  upper 
extremity  with  a  funnel-shaped  hopper,  in  which  is  suspended  a 
small  sieve  filled  with  the  raw  material,  which  is  rhythmically  shaken 
by  means  of  a  small  hammer  actuated  by  an  electromagnet  or  cam. 
Each  time  the  hammer  taps  the  support  of  the  sieve,  causing  it  to 
vibrate,  a  small  quantity  of  the  powder  falls  through  into  the  tube 
below,  and,  carri^  along  by  the  gas,  passes  out  at  its  lower  extremity 
into  the  zone  of  flame,  where  it  is  immediately  raised  to  the  fusion 
point,  and  falls  as  a  melted  globule  on  to  the  support  below. 

As  seen  in  the  diagram,  this  support  is  arranged  with  a  screw 
adjustment,  so  that  as  the  mass  of  corundum  is  gradually  built  up 
by  the  constant  addition  of  frc^  globules  the  surface  can  be  kept 
at  a  constant  level,  and  the  portion  already  formed  removed  from 
the  zone  of  heating  so  as  to  allow  it  to  stiffen.  When  the  apparatus 
is  first  started  the  blowpipe  is  adjusted  so  as  to  give  a  comparatively 
cool  flame,  and  the  powder  is  admitted  slowly.  By  this  means  a 
small  "stalk"  b  formed,  which  insulates  the  mass  from  the  support 
and  prevents  the  fusion  of  the  latter.  When  this  has  been  formed 
the  full  pressure  of  the  blowpipe  is  put  on  and  the  rate  of  admission 
increased,  with  the  consequent  formation  of  a  ''boule,"  as  it  is 
termed,  having  the  shape  of  a  pear,  as  illustrated  in  plate  2,  figure  2. 

>''M4moire8iirUnpfodiiotfo&artifloteaedoroMiparltaaiiM^  ChimUetdt 
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2.  "BouLES"  OF  Artificial  Corundum. 


1 .  Principle  of  Verneuil'S  Appara- 
tus FOR  Production  of  Artificial 
Corundum. 


3.  Section  of  Natural  Ruby,  X  10. 
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With  this  apparatus  a  boule  weighing  some  20  to  30  carats,  and 
capable  of  yidding  two  cut  stones  of  about  6  carats  each,  can  be 
prepared  in  about  half  an  hour  almost  automatically,  a  single  operator 
being  able  to  control  several  machines.  The  boules,  on  cooling,  very 
often  split  in  half  in  the  direction  of  their  growth,  as  in  the  lower 
example  seen  in  figure  2,  and  this  is  a  convenience  rather  than  other- 
wise, as  the  resulting  shape  can  be  cut  to  greater  advantage. 

In  the  first  instance  reconstructed  rubies  were  made  in  this  way 
after  the  manner  introduced  by  Gaudin,  the  material  fed  into  the 
blowpipe  being  pulverized  rubies  and  chips,  and  this  method  is  still 
employed  by  some  workers.  But  more  commonly  nowadays  the 
corundum  is  produced  direct  from  amorphous  alumina  by  using 
pure  ammonium  alum  as  the  raw  material.  On  reaching  the  flame  this 
decomposes,  the  anmionia  and  sulphuric  acid  volatilizing,  leaving  the 
alumina.  Stones  made  by  this  process  are  generally  known  as  ''syn- 
thetic," as  distinct  from  * 'reconstructed,"  although,  of  course,  to  be 
pedantic,  the  process  is  one  of  decomposition  rather  than  synthesis. 

The  "synthetic"  corundum  produced  in  this  way,  if  pure  ammo- 
nium alum  is  used,  is  of  course  colorless,  and  can  be  used  as  artificial 
white  sapphire.  If  a  small  proportion  of  chrome  alum  is  added,  the 
resulting  stones  are  rubies,  and  other  colors  may  be  produced  in  the 
same  way.  For  a  long  time  all  attempts  to  reproduce  the  fine  blue 
of  the  sapphire  failed,  because  following  the  apparent  analogy  of 
silicates,  cobalt  was  invariably  employed  as  the  coloring  agent.  This, 
however,  does  not  readily  form  an  aluminate  in  the  same  way  that  it 
does  a  silicate,  and,  in  consequence,  it  is  impossible  to  produce  a  satis- 
factory coloration  in  the  corundum  by  its  means;  it  is  possible  to  get 
the  cobalt  in  a  state  of  combination  by  adding  a  large  proportion  of 
magnesia  to  the  aluminaj  but  then  the  product  formed  is  not  a  crystalline 
alumina  but  magnesium  aluminate,  and  its  properties  are  fundamen- 
tally different.  Its  refractive  index  is  lower,  its  refraction  single,  and  its 
hardness  lower.  In  fact,  the  result  is  blue  spinel  instead  of  sapphire. 
Moreover,  such  blue  stones  have  the  characteristic  absorption  of 
cobalt,  and  appear  purple  in  a  light  that  does  not  contain  a  large 
proportion  of  blue  rays. 

li  1908  Paris  attempted  to  avoid  this  latter  difficulty  by  preparing 
a  calcium  aluminate  colored  with  cobalt,  'as  it  is  found  that  in  this 
case  the  transmission  of  the  red  rays  is  less  pronoimced.  But  the 
calcium  aluminate  so  formed  is  not  crystalline  at  all,  but  amorphous. 
A  year  or  so  ago,  however,  the  problem  of  producing  synthetic  sap- 
phire was  finally  solved  by  the  use  of  titanium  oxide,  a  very  unex- 
pected result,  considering  the  chemical  position  of  this  element.  With 
this  last  advance  the  artificial  production  of  the  corundum  gem  stone 
may  be  considered  to  be  completely  solved,  and  cut  stones  can  now 
be  obtained  in  every  variety  of  color,  from  piu:e  white  to  ruby  and  sap- 
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phire,  at  prices  ranging  from  4  to  10  shillings  a  carat,  according  to 
color,  quality,  and  size. 

Whatever  may  be  tiieir  economic  iii^>ortance,  a  very  much  debated 
question,  there  can  be  no  doubt  as  to  the  scientific  interest  of  this 
group  of  artificial  gems.  In  the  first  place  it  is  a  matter  of  some 
interest  that  a  mass  of  fused  material  formed  in  this  way  should  not 
only  be  crystalline  but  possess  all  the  characteristics  of  a  single 
crystal.  Crystallographers  are  agreed  that  each  boule  is  a  single 
crystalline  individual,  with  the  axis  roughly  perpendicular  to  the 
plane  of  formation;  that  is  to  say,  running  from  the  point  of  attach- 
ment of  the  pedestal  to  the  top  of  the  mass.  On  the  top  of  the  boule 
one  invariably  finds  a  mass  of  symmetrically  arranged  facets,  which 
Dr.  Herbert  Smith  has  found  to  correspond  with  the  fundamental 
rhombohedron  of  corundum.  Judging  by  analogy  with  other  mate- 
rials, one  would  expect  at  first  sight  that  a  fused  mass  formed  in  this 
way  would  be  either  a  heterogeneous  mass  of  minute  crystals  or 
entirely  amorphous,  possessing  the  structure  characteristic  of  glass. 
It  is  well  known,  for  example,  that  under  similar  conditions  pure 
silica  yields  "quartz  glass,"  which  is  extensively  manufactured  at 
the  present  time.  One  is  tempted  to  dwell  upon  this  point,  and  discuss 
its  bearing  on  such  matters  as  the  devitrification  of  glass,  but  it  would 
be  entirely  out  of  place  to  do  so  in  the  present  paper. 

Then,  again,  there  is  the  matter  of  coloration.  One  would  like 
very  much  to  know  what  is  the  state  of  combination  of  the  chromium 
in  a  ruby,  and  whether  the  color  is  produced  by  chromium  aluminate 
in  solution  or  metaUic  chromium  in  molecular  suspension.  In  glass, 
as  is  now  well  established,  this  color  is  produced  by  the  optical  effect 
of  ultramicroscopic  spheres  of  metaUic  gold  or  copper,  but  there 
seems  to  be  no  parallel  between  the  two  cases. 

A  point  of  more  practical  interest  is  the  fact  that  although  the 
artificial  corundum  is  a  true  crystal  it  possesses  the  shape  and  forma- 
tion of  a  congealed  Uquid  or  glass.  The  practical  interest  of  this  lies 
in  the  fact  that  it  affords  the  only  means  of  distinction  between  this 
artificial  corundum  and  the  naturally  formed  gem  stone.  Being  of 
exactly  the  same  composition  and  crystalline  structure  as  the  natural 
mineral,  it  can  not  be  identified  by  any  of  the  phjBical  tests  I  briefly 
referred  to  above.  For  all  practical  purposes  the  artificial  ruby  is  a 
ruby,  and  one  can  only  deny  that  it  is  a  "genuine  ruby"  if  this  word 
is  held  to  connote  essentially  a  product  found  in  the  earth  and  not 
made  by  man. 

And  yet,  owing  to  the  curious  anomaly  of  its  structure,  the  artificial 
product  can  almost  invariably  be  distinguished  from  the  natural 
with  the  greatest  ease.  In  the  naturally  formed  stone  any  foreign 
matter  which  may  be  present  is  coerced  into  following  the  lines 
of  growth  of  the  crystal,  and  more  particularly  bubbles  of  gas  which 
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may  be  present  in  the  liquid  are  distorted  from  their  natural  shape  so 
as  to  accord  with  this  symmetrical  growth.  It  is  the  great  exception 
to  find  a  natural  ruby  entirely  free  from  such  inclusions,  which 
generally  form  irregular  cavities  with  a  decided  tendency  to  geometri- 
cal shape. 

It  is  very  common  also  to  find  the  structure  technically  known  as 
''silk"  caused  by  microscopic  bubbles  drawn  out  into  a  series  of 
parallel  canals,  all  lying  in  one  plane.  Any  variation  of  color  in  dif- 
ferent portions  of  ^e  stone  also  follows  the  lines  of  growth  in  this 
manner  (pi.  2,  fig.  3;  pi.  3,  fig.  1). 

In  the  artificially  produced  corundum,  on  the  other  hand,  although 
the  particles  arrange  themselves  symmetrically,  any  air  bubbles  that 
are  entangled  in  the  successive  globules  remain  undisturbed,  and 
appear  as  naturally  spherical  bubbles  in  the  finished  product;  and, 
moreover,  if  one  globide  differs  slightly  from  another  in  the  proportion 
of  chromium,  the  resulting  difference  in  color  follows  the  form  of  the 
mass  as  a  whole,  the  zones  of  color  being  circular  (pi.  3,  fig.  2). 

As  sofue  of  the  air  entangled  between  the  fine  particles  fed  into  the 
blowpipe  almost  invariably  fails  to  make  its  escape  during  the  brief 
fusion,  the  presence  and  form  of  the  bubbles  is  in  this  way  sufficient 
to  identify  the  artificial  process  of  formation. 

In  the  great  majority  of  cases  examination  of  the  cut  stone  with  a 
lens  is  sufficient  to  decide  the  point,  but  in  doubtful  cases  a  more 
minute  examination  may  be  made  by  placing  the  stone  in  a  Uttle  cell 
filled  with  highly  refracting  liquid,  in  order  to  secure  regular  illumi- 
nation, and  examining  it  imder  the  microscope  by  transmitted  light, 
when  the  minutest  trace  of  structure  can  be  detected  (pi.  3,  fig.  3). 
In  the  case  of  an  absolutely  flawless  stone  it  would  be  impossible  to 
decide  whether  it  were  natural  or  artificial,  but  such  stones  are  so 
rare  that  this  case  i^  almost  theoretical. 

It  is  claimed  in  some  quarters,  it  is  true,  that  "experts"  can 
invariably  distinguish  the  artificial  product  merely  by  reference  to 
the  color,  which  is  said  never  to  be  exactly  the  same  as  that  of  the 
natural  stone,  much  as  this  latter  varies.  Personally,  however,  I  am 
rather  skeptical  on  this  point,  as  one  knows  that  experts  claim  in  a 
similar  manner  to  distinguish  between  one  species  of  natural  gem 
stone  and  another  by  color  alone,  and  their  results  are  not  always  in 
accordance  with  scientific  tests.  At  any  rate  such  dexterity  can  only 
be  acquired  by  a  lifetime  of  specialized  experience. 

As  I  have  already  indicated,  spinels  may  be  produced  artificially 
by  the  same  process  as  corundum,  adding  the  necessary  magnesia  to 
the  alumina,  and  the  same  remarks  apply  to  the  production  and 
identification  of  this  species  as  to  corundum,  the  artificial  stone  being 
identical  with  the  natural  in  all  respects  except  those  to  which  I  have 
just  referred. 
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As  regards  the  remaining  transparent  gem  stones,  which  fall  mto 
a  group  by  reason  of  the  fact  that  they  contain  silica  as  an  essential 
component,  their  artificial  production  is  of  little  importance.  They 
can  not  be  produced  by  the  same  process  as  corundum,  owing  to  the 
fact,  already  alluded  to,  that  under  such  conditions  both  pure  silica 
and  compound  silicates  yield  an  amorphous  product,  which  has  not 
the  optical  properties  of  the  natural  stone.  One  is  constrained,  for 
the  artificial  production  of  the  crystalline  material,  to  fall  back  upon 
methods  similar  to  those  employed  in  the  earlier  attempts  to  obtain 
ruby — obtaining  the  requisite  composition  by  chemical  reaction  and 
maintaining  the  mass  at  a  temperature  just  above  its  fusion  point  for 
a  sufficient  time  to  allow  the  silicate  to  crystallize  out. 

Topaz,  garnets,  and  zircon  have  been  produced  in  this  way  experi- 
mentally as  a  matter  of  scientific  interest,  but  the  small  stones  pro- 
duced have  no  commercial  value,  and  to  describe  their  production 
in  detail  would  only  weary  you  to  no  purpose.  The  majority  of  these 
stones  are  of  such  common  occurrence  in  nature,  and  consequently  of 
such  little  value,  that  their  artificial  prodi^ction  in  this  manner  is  not 
a  commercial  proposition. 

An  exception,  however,  must  be  made  in  the  case  of  emerald, 
which  ranks  next  in  value  to  corundum,  and  many  attempts  have 
been  made  to  produce  it  artificially.  Reconstructed  emeralds  have 
been  made  by  the  Vemeuil  process,  but  these  are,  of  course,  amor- 
phous, and  do  not  possess  the  double  refraction  and  other  properties 
consequent  upon  the  ciystalline  structure  of  the  natural  stone.  The 
problem  of  producing  this  stone  artificially  has  not  as  yet  been 
solved  in  fact.  I  am  quite  aware  in  saying  this  that  recent  news- 
paper reports  lead  one  to  believe  otherwise,  but,  as  in  the  case  of  the 
diamond,  such  reports  indicate  either  remarkable  foresight  on  the 
part  of  the  writers  or  show  that  their  imagination  is  developed  at  the 
expense  of  their  powers  of  accUrate  observation. 

There  remain  now  to  be  considered  those  precious  stones  which  are 
opaque,  and  owe  their  beauty  entirely  to  color  and  structure. 

Turquoise  is  a  stone  formed  under  conditions  which  are  easy  to 
reproduce,  and  its  artificial  production  was  successfully  accomplished, 
many  years  ago,  by  precipitating  hydrated  phosphate  of  aliuninium 
with  the  requisite  proportion  of  copper  phosphate  to  give  it  the  color 
and  subjecting  the  precipitate  whilst  stUl  damp  to  hydraulic  pressure 
for  a  considerable  time.  Prepared  in  this  way  the  artificial  turquoise 
is  so  nearly  identical  with  the  natural  that  its  identification  is  a 
matter  of  considerable  difficulty.  There  is,  however,  generally,  a 
slight  difference  in  the  specific  gravity,  hardness,  and  index  of  refrac- 
tion (when  this  can  be  measured),  which  will  serve  to  distinguish  it 
on  careftd  examination.  The  only  point  in  which  there  is  any 
decided  difference  between  the  two  is  the  behavior  on  heating,  but 
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Plate  3. 


1.  Section  of  Natural  Ruby,  X  100.  2.  Section  of  Artificial  Ruby,  X  10. 


3.  Small  Artificial  Sapphire,  Mounted  in 
Cell,  x  10,  Showing  Minute  Bubbles. 


4.  Section  of  Pearl,  X  50. 
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as  this  inyolyes  the  destruction  of  the  stone  it  can  not  be  offered  as  a 
practical  test. 

Opal  consists  essentially  of  what  is  known  as  colloid  silica,  that  is, 
silica  in  the  amorphous  state  and  combined  with  water.  The  play 
of  color  one  associates  with  it  is  entirely  an  optical  effect,  due  to  an 
accidental  structure  of  the  stone,  which  is  permeated  by  a  number  of 
punute  fissures  between  which  a  thin  film  of  air  penetrates,  the 
extreme  thinness  of  this  film  causing  the  optical  effect  known  as 
interference.  If  a  piece  of  opal  is  powdered  it  is  no  longer  colored, 
as  would  be  the  case  with  a  ruby  or  sapphire,  but  yields  a  dirty  white 
powder,  and  generally  a  specimen  of  opal,  as  found,  only  shows  the 
structure  in  parts,  the  remainder  being  dull  and  lusterless  like  flint. 

This  peculiar  structure  is,  moreover,  by  no  means  confined  to  opal, 
but  may  occur  in  any  mineral  deposited  under  similar  conditions.  In 
the  mineral  known  as  lumachello,  or  fire  marble,  for  example,  the 
same  effect  is  seen  in  a  limestone.  But  opal  is  the  only  mineral  which 
combines  this  structure  with  sufiScient  durability  for  use  as  a  gem 
stone,  and  in  this  connection  it  should  be  remembered  that,  as  a 
matter  of  fact,  it  only  just  possesses  sufficient  hardness  for  this  pur- 
pose, and  is  one  of  the  softest  and  least  durable  of  all  the  precious 
stones.  This  fact,  combined  with  the  fragility  consequent  upon  its 
structure,  has  involved  the  opal  in  a  mass  of  superstition  and  romance 
from  time  immemorial. 

Although  it  has  this  unfortunate  drawback,  opal  is,  at  any  rate 
in  my  estimation,  the  most  beautiful  of  the  precious  stones,  and  when 
one  appreciates  the  reason  of  ite  beauty  it  will  be  readily  imderstood 
that  its  artificial  production,  or  even  successful  imitation,  presents 
almost  insuperable  difficulties. 

It  is  true  that  a  somewhat  similar  play  of  color  can  be  imparted 
to  glass  by  rendering  it  translucent  by  a  slight  addition  of  arsenic  or 
tin  in  the  making,  and  by  etching  the  surface  in  various  ways,  and 
such  iridescent  glasses  are  often  found  naturally  as  the  result  of 
decomposition,  but  this  is  merely  a  siuface  effect,  and  such  speci- 
mens can  not  be  cut  to  advantage;  moreover,  they  lack  the  beauty 
caused  by  the  fire  permeating  the  entire  substance  of  the  gem.  The 
opal  ranks  with  the  diamond,  therefore,  in  resisting  attempts  at 
artificial  production,  and  is  even  superior  to  it  in  that  it  can  not  be 
really  successfully  imitated.    • 

I  come  finally  to  the  pearl.  This,  of  course,  differs  from  all  other 
precious  stones  in  being  entirely  of  organic  origin.  The  pecuUar 
luster  of  the  pearl,  like  the  color  of  the  opal,  is  due  rather  to  its 
structure  than  its  composition.  It  is  formed  in  the  oyster  by  the 
deposition  of  successive  layers  of  calcium  carbonate  round  some 
central  object,  and  consists  of  an  innumerable  number  of  thin  over- 
lapping laminae  of  the  crystalline  variety  of  this  substance  known  as 
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aragonite.  These  layers  being  semitransparent,  the  light  falling  on 
the  surface  is  partially  reflected  from  the  surface  and  partially  trans- 
mitted into  the  stone,  where  it  suffers  reflection  from  the  sm^face  of 
lower  layers  (pi.  3,  fig.  4). 

To  produce  this  complicated  structure  artificially  is  practically 
impossible,  imless  one  can  describe  as  an  artificial  pearl  that  formed 
by  the  oyster  in  response  to  the  deliberate  introduction  of  irritant 
foreign  matter  by  human  agency.  But  in  this  case  who  shall  decide 
where  nature  ends  and  human  ingenuity  begins  ?  Perhaps  the  well- 
known  Japanese  pearl  may  be  correctly  described  as  artificial  pearl, 
although  the  oyster  has  a  great  deal  to  do  with  it. 

Such  pearls  are  formed  by  introducing  a  piece  of  mother-of-pearl 
in  the  shape  of  a  hemisphere  between  the  shell  and  mantle  of  the 
oyster  and  then  leaving  the  oyster  alone  for  a  time  to  allow  it  to 
convert  this  into  a  pearl  by  the  deposition  of  several  layers  of  nacre. 
The  mass  is  then  removed  from  the  shell  and  converted  into  the 
semblance  of  a  true  pearl  by  supplying  a  back  of  mother-of-pearl. 
Such  pearls,  however,  never  have  the  fine  orient  of  those  produced 
under  normal  conditions,  and  they  can  readily  be  detected  by  exam- 
ining the  back,  when  the  lusterless  mother-of-pearl  and  the  line  of 
junction  can  be  detected. 

Of  course,  wonderful  imitations  of  pearl  are  made  in  various  ways, 
which  are  difficult  to  distinguish  from  the  natural  article  by  casual 
examination.  One  method  of  preparation  is  as  follows:  Small  hollow 
spheres  are  blown  in  6pale8cent  glass,  coated  inside  with  a  prepara- 
tion of  fish  scales,  and  then  filled  up  solid  with  wax.  Such  imita- 
tions are  identified  by  examination  of  the  hole  or  by  putting  a  spot 
of  ink  on  the  surface,  when  the  reflection  from  the  inner  surface  of 
the  glass  is  seen.*"  These  empirical  tests  are  usually  sufficient,  and  it 
is  rarely  necessary  to  resort  to  testing  the  specific  gravity  and  hard- 
ness, which  provide  further  means  of  identification.  It  is  worthy 
of  note,  however,  that  such  imitation  pearls  are  unique  amongst 
imitation  gems  in  that,  in  some  respects,  they  are  actually  superior 
to  the  natural  article.  They  are  considerably  harder,  for  instance, 
and  their  luster  is  not  affected  by  constant  wear. 

In  conclusion,  I  would  like  to  refer  very  briefly  to  the  present 
position  of  gems  from  the  economic  point  of  view.  It  is,  perhaps, 
natural  that  the  considerable  influx  of  artificial  gems  in  recent  years, 
more  particulariy  of  the  corundum  species,  has  led  to  a  great  deal 
of  controversy  and  difference  of  opinion  as  regards  their  merits.  On 
the  one  hand  the  vendors  of  the  artificial  stones  often  publi^  ex- 
travagant statements  as  to  their  defying  identification,  which,  as  I 
have  shown  you,  is  all  nonsense.  On  the  other  hand,  those  interested 
in  maintaining  the  prestige  of  the  natural  article  make  equally  im- 
reasonable  statements,  to  the  effect  that  such  artificial  productions, 
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to  quote  a  recentt^  poUiahed  circular,  "are  as  worthless  as  the 
jeweby  from  a  Christmas  cradcer."  I  have,  I  hope,  deariy  shown 
jon  the  immenae  difference  that  exists  between  the  imitation  and 
tli6  artificial  ruby,  taking  an  example;  the  former,  it  is  true,  depre- 
ciates rapidly  in  use  and  deserves  such  a  description,  but  the  latter 
has  absolutely  all  1^  essential  qualities  of  the  natural  stone,  and  to 
place  the  two  on  the  same  plane  as  wcHlhless  trash  is  unfair  to  modem 
sdence  and  ingenuity.  It  must  be  cleariy  understood  that  there  is 
no  essential  difference  discernible  between  natural  and  artificial  ruby 
as  r^ards  their  beauty  and  their  durability,  whidi,  as  we  have  seen, 
are  the  two  great  items  in  the  intrinsic  value  of  a  stone.  But,  of 
course,  the  price  of  a  stone  is  chiefly  determined  by  that  third  factor, 
which  I  have  not  so  far  taken  into  account — ^namely,  rarity.  Per- 
Anally  I  must  confess  that  I  have  never  been  able  to  see  why  one 
should  value  a  thing  for  no  other  reason  than  that  it  is  difficult  to 
get,  although  I  suppose  here  I  am  in  a  hopeless  minority  and  that  it 
is  and  always  will  be  human  nature  to  take  this  view. 

It  would  serve  no  useful  purpose  to  enter  into  that  fruitful  subject 
of  controversy,  the  price  of  an  article  due  to  extrinsic  causes,  but  I 
may  say  this — that  whilst  to  me  personally  one  is  as  good  as  the 
other,  if  any  man  is  prepared  to  pay  £100  for  a  natural  stone  when 
he  can  obtain  essentially  the  same  thing,  artificially  produced,  for 
£5,  he  is  absolutely  entitled  to  get  it;  and  I  would  not  wish  you  to 
think  that  I  would  defend  for  a  moment  the  man  who  attempted  to 
supply  artificial  as  natural.  But  if  this  is  so,  it  is  still  more  the  case 
that  nobody  has  any  right  to  supply  anyone  with  paste  under  the 
name  of  artificial  (or  synthetic,  or  scientific,  if  these  names  are  pre- 
ferred) gem.  I  do  think  that  the  distinction  between  the  two  should 
be  clearly  recognized  and  that  it  should  not  be  permitted  to  use  the 
term  artificial  indiscriminately.  At  present  this  is  being  widely 
practiced;  every  day  one  sees  offered  for  sale  ** rubies,  emeralds, 
sapphires,  and  pearls  artificially  produced  and  having  all  the  proper- 
ties of  the  natural  stone."  Now,  as  I  have  indicated,  such  a  thing 
as  an  artificial  emerald  answering  this  description  is  unknown  and, 
as  a  matter  of  fact,  the  stones  supplied  under  this  title  are,  as  a  rule, 
nothing  more  nor  less  than  paste  imitations,  the  public  being  delib- 
erately led  to  believe  otherwise.  There  is  in  this  case,  as  I  have 
indicated,  a  real  practical  difference  between  the  two  articles,  not 
merely  a  question  of  opinion. 

Again,  one  must  deprecate  the  custom  that  has  sprung  up  of 
arguing  that,  because  ''a  rose  by  any  other  name  will  smell  as  sweet," 
a  "scientific"  stone  will  be  as  good  by  any  other  name  than  its  right 
one.  When  sjmthetic  yellow  sapphire  is  called  ''scientific  topaz" 
perhaps  no  serious  fraud  is  perpetrated,  although  it  is  misleading, 
but  when  artificial  white  sapphire  is  openly  and  deliberately  sold  at 
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a  fancy  price  as  "synthetic  diamond/'  with  the  support  of  the  press, 
I  for  one  consider  that  matters  are  going  too  far,  and  that  this  is 
being  done  at  the  present  mcnnent  anyone  can  verify  for  himself. 
All  these  misrepresentations  may  bring  wealth  to  individuals,  but 
they  tend  to  bring  into  disrepute  the  artificially  jmxluced  stone,  and 
instead  of  allowing  it  a  place  of  its  own  as  a  distinct  achievement^ 
cause  it  to  be  looked  upon  as  a  spurious  make-believe. 

However,  I  did  not  come  here  for  the  purpose  of  discussing  this 
aspect,  and  I  will  not  dwell  upon  it  further.  I  have,  as  far  as  pos- 
sible, given  you  a  rteum6  of  the  whole  subject  and  I  will  detain  you 
no  longer,  except,  if  I  may  add  one  more  word,  to  acknowledge  the 
fact  that  my  ability  to  bring  this  paper  before  you  is  very  largely 
due  to  the  assistance  I  have  received  in  many  quarters,  and  more 
particularly  from  Mr.  E.  Hopkins,  whose  enthusiasm  on  the  subject 
of  the  technology  of  precious  stones  is  only  exceeded  by  his  knowl- 
edge and  experience.  I  am  indebted  to  him,  not  only  for  much 
advice  and  information,  but  also  for  the  loan  of  the  specimens  from 
which  I  have  prepared  the  illustrations  to  this  paper. 
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By  Db.  Jules  Coubmomt, 
Profe$9or  of  Hygiene  in  the  Faculty  of  Medicine  of  Lyon. 


That  solar  light  is  capable  of  kiUing  bacteria  has  been  recognized 
by  Do^nes  and  Blunt,  S.  Arloing,  Duclaux,  and  others.  This  action 
is  due  to  the  ultra-violet  portion  of  sunlight,  that  is,  to  the  waves  of  veiy 
small  length,  which  are  manifested  by  their  chemical  action  rather 
than  their  power  of  producing  heat.  Solar  light,  however,  is  rather 
poor  in  ultra-violet  rays,  for  they  are  to  a  great  extent  absorbed 
by  our  atmosphere.  Indeed  their  very  limited  bactericidal  power 
is  scarcely  comparable  with  the  very  great  power  possessed  by  the 
untra-violet  radiation  given  out  by  some  artificial  light  soiux^es, 
notably  by  the  mercuiy-vapor  lamp,  whose  containing  tube  is  made 
of  quartz.  Only  such  sources  as  the  latter  are  of  practical  applica- 
tion to  the  sterilization  of  notable  water. 

THE  ULTBA-VIOLBT  BADIATION — ^THB  QUABTZ  MEBCXJEY-VAPOB  LAMP. 

A  few  general  data  will  be  first  stated.  The  wave  lengths  (X)  of 
jlight  rays  are  generally  measured  in  imits  which  have  received  the 
designation  of  Angstrdms  (A.  units).  The  Angstr5m  unit  is  equal 
to  0.0000000001  meter.  The  following  table  gives  the  wave  lengths 
of  a  few  different  places  in  the  spectrum: 

Spectrum  of  the  Welsbach  light:  1.  units. 

Limit  of  the  infrarred 600.000 

Solar  spectrum: 

Limit  of  the  infra-red 300.000 

Limit  of  the  visible  red 7. 610 

Limit  of  the  visible  violet 3.970 

Limit  of  the  ultra-violet 2. 950 

Opperlimitof  the  very  bactericidal  ultra-violet 2. 800 

Metallic  spectra: 

Inferior  limit  of  the  mercury  spectrum 2.225 

Limit  of  the  metallic  ultra-violet 1. 200 

Ordinary  gas  spectra: 

Limit  of  the  extreme  ultra-violet 1. 080 

^Ttutt^aA/6dhyptin^batontnmB^>7U»g6Bi^^  Paris,  AprU  80, 1911. 

pp.83^438. 

235 


Digitized  by  CjOOQIC 


236  ANNUAL  BfiPOBT  SMITHSONIAN  INSTITUTION,  1911. 

Ultra-violet  radiations  of  solar  origin  of  wave  length  smaller  than 
2.950A,  are  absorbed  by  the  atmosphere  and  do  not  reach  us.  There- 
fore in  order  to  obtain  light  which  is  truly  bactericidal  (of  wave 
length  less  than  2.800A.)  we  must  have  recourse  to  artificial  sources. 

The  quartz  merciuy-vapor  lamp  is  the  most  powerful  among  these 
latter.  Luminescent ,  merciuy  vapor  is  very  rich  in  ultrar violet 
light.  Its  ultra-violet  spectrum  reaches  from  X — 3.650A.  to  ^l = 2.225A. 
Quartz  is  transparent  to  all  light  of  greater  wave  length  than  1.500A., 
and  therefore  to  all  of  the  rays  of  thie  spectrum  given  out  by  lumi- 
nous mercury  vapor.  Since  the  ultrarviolet  rays  of  smaller  wave 
length  than  il»2.800A.  are  especially  bactericidal,  those  between 
2.8OOA.  and  2.225A.  render  the  quartz  mercuiy-vapor  lamp  very 
nocuous  to  all  living  cells,  dangerous  to  anyone  handling  it  without 
precaution,  as  well  as  useful  in  the  destruction  of  microbes. 

The  quartz  mercuiy-vapor  lamp  is  fed  by  a  continuous  current. 
It  must  be  protected  by  suitable  cooling  devices.  With  proper  pre- 
cautions theoretically  it  will  last  indefinitely,  practically  a  very  long 
time.  The  running  of  the  lamp  is  veiy  easily  r^ulated  either  by  a 
'' sentinel"  lamp  in  the  same  circuit  with  the  merciuy  lamp  or  by 
simply  noting  the  luminous  state  of  the  lamp  itself.  The  lamp  is 
most  readily  lit  by  rocking  it.  As  soon  as  a  small  thread  of  mercury 
connects  the  two  poles,  a  current  of  electricity  is  established  and  the 
lamp  becomes  luminous.  The  lamp  is  then  turned  to  its  usual  posi- 
tion, the  thread  of  mercury  broken,  but  the  current  continues  to  pass 
by  means  of  the  luminous  vapors  from  the  mercmy. 

THE  STEBILIZATION  OF  DRINKING  WATEB  BY  MEANS  OF  THE  QUABTZ 
MEBCUBY-VAPOR  LAMP. 

The  most  practical  application  of  the  bactericidal  power  of  the 
ultra-violet  radiation  from  the  quartz  merciuy-vapor  lamp  is  for  the 
sterilization  of  drinking  water. 

The  difficulties  met  in  the  sterilization  of  drinking  water  are  well 
known.  Innumerable  are  the  processes  of  filtration  or  of  chemical 
or  physical  purification  which  have  been  advocated  and  applied. 
Some  are  of  little  value,  others  are  effective  but  costly  and  requiring 
too  extensive  areas  of  land  and  too  much  manipulation.  For  a  long 
while  a  method  has  been  sought  which  is  not  only  simple  and  eco- 
nomical, but  also  absolute  in  its  efficacy  for  the  sterilization  of  drink- 
ing water  under  such  conditions  as  occur  in  the  great  majority  of 
cases  where  water  is  collected  for  a  city's  use. 

Just  such  a  simple,  sure,  and  economical  process  has  been  devised 
by  M.  Nogier  and  myself.^    This  process  makes  use  of  the  bac- 

1 7.  OcNmDont  et  Th.  Nogtor,  Bar  hut^niitton  de  r  Ma  potable  aa  010701  de  la  lampe  eo  qnazts  k 
vapeor  de  menmre.    C.  R.  Acad.  dee.  Sofeooes,  22  Mvrier  1900. 
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tericidal  properties  of  the  ultrarviolet  rays  from  the  quartz  mercury- 
vapor  lamp.    *    *    * 

Let  us  state  our  method  of  procedure.  At  first  we  used  the  classical 
lamp  of  Kjomayer.  A  metallic  tube,  provided  Mdth  several  test 
holes,  and  closed  at  one  end  by  a  quartz  window  (fig.  1),  was  placed 
face  to  face  with  a  Kromayer  lamp.  The  tube,  filled  with  polluted 
water,  was  thus  subjected  to  the  radiation  from  the  laml>  for  various 
lengths  of  time.  Samples  of  the  water  were  taken  from  each  test 
hole  by  means  of  sterUized  pipettes.  Preliminary  tests  showed  us 
that  the  water  was  very  rapidly  sterilized  to  about  0.30  meters  from 
the  lamp.  Water  was  therefore  permeable  to  the  bactericidal  rays 
from  the  lamp,  and  especially  to  those  which  killed  very  rapidly  the 
microbes  contained  in  the  water.  The  most  important  fact  for  our 
purpose  was  therefore  established. 

We  next  had  constructed  some  long  lamps  (0.15  to  0.30  meters)  of 
the  form  shown  in  figure  2.  These  lamps  were  hung  in  the  axis  of  a 
metallic  cylindrical  box,  about  1.20  meters  in  diameter,  and  holding 
110  liters  (fig.  2).     This  box  could  be  filled  through  an  orifice  in  the 


Fig.  1.— Tube  for  determining  to  what  distance  water  may  be  sterilized. 


top-;  a  cock  was  provided  at  the  bottom.  Through  a  large  glass  win- 
dow could  be  safely  noted  what  happened  within.  The  box  was 
mounted  on  a  pivot,  so  that  it  could  be  tilted  for  lighting  the  lamp. 
When  we  would  experiment  with  thin  layers  of  liquid,  a  glass  basin 
could  be  introduced  through  the  window  and  placed  under  the  lamp. 

Finally,  a  single  lamp  was  placed  in  the  axis  of  a  portion  of  a  tube, 
0.60  meter  in  diameter,  so  that  the  walls  of  the  latter  were  nowhere 
farther  than  0.30  meter  from  the  luminous  source.  In  fact,  the  dis- 
tance could  have  been  made  much  ^eater;  we  were  convinced  of  that 
later. 

With  this  metal  box  we  have  made  a  great  number  of  experiments, 
which  enable  us  to  affirm  the  rapid  and  complete  sterilization  of 
water,  no  matter  how  polluted,  provided  only  that  it  be  transparent. 
Later  my  collaborator,  Th.  Nogier,  constructed  a  set  of  apparatus 
for  the  application  of  our  discoveiy. 

The  problem  of  the  sterilization  of  potable  water  in  private  houses 
and  in  small  public  establishments  (hotels,  barracks,  hospitals,  etc.) 
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is  soVved  through  the  use  of  such  apparatus  as  we  have  described 
using  oiltra-violet  radiations.  That  of  the  sterilization  of  very  great 
quantities  of  water^  as  in  the  case  of  a  city's  supply,  is  now  xmder  study 
but  very  near  solution  by  the  same  means. 

OAK  ALL  LIQUIDS   BE   STERILIZED  BY  THE   ULTBA-YIOLET  BAYSf 

To  this  question  I  must  answer.  No.  "With  Th.  Nogier,  I  have 
shown  that  substances  rich  in  colloidal  matter  (wine,  beer,  cider, 
bouillon,  peptonized  solutions,  etc.)  absorb  veiy  rapidly  the  ultra- 
violet radiation.^  This  radiation  will  penetrate  only  a  few  millimeters 
or  fractions  of  a  millimeter  of  such  liquids,  which  therefore  are  not 
sterilized.    Even  in  the  case  of  the  most  limpid  beer,  the  clearest 


Fro.  3.— Vessel  holding  115  liteis  for  experiments  on  the  sterilization  of  water. 

white  wine,  a  peptonized  solution  as  transparent  as  water,  steriliza- 
tion does  not  result.  Indeed,  such  liquids  may  be  sterilized  in  the 
laboratory  either  by  exposing  them  in  very  thin  layers  or  by  stirring 
them  so  that  every  portion  comes  in  contact  with  the  lamp.  The 
practical  results  of  such  methods  are  negligible;  such  sterilization 
would  be  too  costly. 

The  water  for  our  method  must  be  clear;  a  muddy  water  would 
not  be  sterilized.  It  would  have  to  be  filtered  before  entering  our 
apparatus. 

And  so  clear  water  is  practically  the  only  known  Uquid  permeable 
to  the  ultra-violet  radiation  and  easily  sterilized  by  it. 

>  J.  Coormont  et  Th.  Nogier,  8ur  la  faible  p^ndtiation  des  rayons  ultra-violets  k  traters  les  liquids  oonto- 
nant  des  substances  coUfrides.    Ac.  des  Sciences,  2  aoOt  1900. 
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EXPERIMENTS  SHOWING  THE  STERILIZING  OF  WATER  BY  THE  ULTRA- 
VIOLET RADIATIONS. 

The  sterilization  of  the  water  is  complete,  no  matter  how  polluted 
it  may  have  been,  provided  that  it  is  still  transparent  to  the  ultra- 
violet rays.  The  ultra-violet  rays  can  therefore  absolutely  free  from 
germs  water  far  more  polluted  tiian  is  ever  the  case  with  the  natural 
water  which  in  practice  requires  purification. 

The  experiments  by  means  of  which  Th.  Nogier  and  myself  have 
shown  that  the  sterilization  is  complete  are  simple  and  may  be 
summarized  in  a  few  words.  We  have  had  built  above  our  laboratory 
a  reservoir  holding  some  60  liters,  fiUed  with  city  water,  but  into 
which  we  could  introduce  all  the  impurities  with  which  we  wished  to 
experiment — colon  bacilli,  typhoid-fever  bacilli,  solutions  of  fecal 
matter,  etc.  It  has  often  happened  that  the  watei  contained  up  to 
1,000,000,000  colon  bacilli  per  cubic  centimeter,  whereas  the  most 
impure  natural  water  rarely  contains  more  than  1,000,  Our  experi- 
mental conditions  were  therefore  very  exacting,  far  more  so  than 
would  ever  occur  in  practice. 

The  water  from  the  reservoir  passed  either  into  our  cylindrical  box 
or  into  another  piece  of  apparatus  devised  by  Nogier.  In  the  former 
(fig.  2)  (135  volts,  4  to  9  amperes)  the  sterilization  was  complete  in 
several  seconds,  a  minute  at  the  longest.  Indeed,  the  sterilization 
was  practically  almost  immediately  accomplished,  but  we  wished  an 
absolute  sterilization,  for  instance,  not  a  single  colon  bacillus  in  a 
Uter  of  previously  infected  water.  This  required  sometimes  a  minute 
(at  0.30  meter  from  the  lamp). 

The  details  of  the  apparatus  designed  by  Nogier  were  somewhat 
different;  the  water  flowed  without  stopping  at  the  rate  of  400  to  600 
liters  per  hour  (it  could  go  as  fast  as  1,000  liters)  but  passed  as  a  thin 
layer  about  the  lamp.  Such  would  be  the  conditions  of  daily  use. 
With  Nogier's  apparatus  sterilization  took  place  almost  immediately 
and  was  complete.  The  water,  contaminated  as  above  described, 
came  out  absolutely  free  from  germs.  One  could  pollute  a  liter  and 
more  and  not  a  single  microbe  colony  would  remain. 

These  truly  surprising  results  were  in  all  points  accurate.  They 
have  been  verified  by  all  those  who,  following  our  experiments,  have 
taken  up  the  study,  Miquel,^  Cemovodeanu  and  V.  Henri,*  Vallet,* 
and  others.    These  conclusions  are  now  well  known. 

The  following  results  were  obtained  by  Miquel  who  investigated 
this  method  for  the  city  of  Paris,  Like  us,  Miquel  polluted  artificially 
the  water  upon  which  he  experimented  (apparatus  of  fig.  3).  In 
Tables  I  and  II  are  given  two  of  his  tests  using  colon  bacilli. 

iHlqoeL    Rapport  aa  Pi«fet  de  U  Seine,  1909. 

*CcRioTodeairaetV.Heori,EtiidedeFactfamdein70ii8i]lti»-violeto8i]rlflsii^  AcdeiSoteooei, 

3  Janvier  19ia 
*  VaUet.    Ac.  des  SdeoceSt  7  mars  1910, 25  avril  1910. 
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Table  I. — Experiment  on  the  sterUiuUion  of  water  polluted  with  B.  coli  (Miguel). 


July  8, 1«0. 

Flow  per 

hour, 

Nogler'8 

apparatoB. 

CokmbacUliperUter— 

Before. 

After. 

t^2a* 

LiUn. 
130.5 
136u5 
138.0 
136.8 

145,000,000 
145,000,000 
145,000,000 
145,000,000 

0  in  200  ex. 

1   00 

0  in  200  ex. 

1   40 * 

0in200cx. 

2   40 

0  in  200  ex. 

Total  and  mean 

186.1 

145,000,000 

0  in  800  c.c 

After  having  made  these  trials  (we  cite  but  two  of  them),  Miquel 
wished  to  put  the  apparatus  to  a  far  more  difficult  test,  the  destruction 
of  the  spores  of  the  bacilli.    He  polluted  the  water  to  be  sterilized 


Fio.  3.— Early  device  of  Th.  Nogier. 

"  with  a  far  more  resistant  species  of  microbes  than  the  colon  bacilli 

and  having  very  durable  spores,  related  to  if  not  identical  with,  the 

Table  II. — Another  experiment  on  the  sterilization  of  water  polluted  with  B.  coli. 


Dec.  30, 1000. 

Flow 
hour. 

Temperature  of 
water— 

Ordinary     bacilli 
per      liter     in 
water- 

Colon  bacilli  per  liter  in 
water- 

BntRu 
ing. 

Leav- 
ing. 

Before. 

After. 

Before. 

After. 

12h  3(^           

LUert. 
180.0 
180.0 
180.0 

laao 

196.0 

• 

11.1 
U.1 
11.1 
11.2 
11.0 

• 

12.1 
12.1 
11.9 
12.1 
12.0 

55,200,000 
55,200,000 
55,200,000 
55,200,000 
55,200,000 

OinlOOcx. 

1    30            

0  in  400  CO. 

2    30 

8,505,000 

0 

01n400c.c. 

3    30 

Oi]l40Oc.e. 

5    30 

Oin400cwC. 

Total  and  mean 

182.6 

11.1 

12.0 

3,505,000 

0 

55,200,000 

Oln2Iiter8. 
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BmBw  fme^enienems  mier,  idiose  refractoiy  sporess  will  resist  Uis 
iempentore  of  boiling  wmter  sustained  for  seT^ml  hoois.''  In  Table 
ni  is  given  a  typical  example  of  his  results. 

Table  lH,^St€nUmiian  of  woier  poUultd  with  BodUi  mtftnttricu*. 


Dw.  10,1900. 

Flovpv 
Iwor. 

OoouMB     hmasm 

watar- 

BmOUmm 

^tMpmUtm 

B#mw 

mm. 

IM». 

A»m. 

msoa 

mo 

• 

m,m,ooo 

lO^MKOOO 

Ota  MOc.o. 

1  00. 

S,iU,000 

0 

f  taMOi^e. 

1  JO. ; 

ttaflOfiJO. 

TttalttHtmna 

SLt 

S.C1S,000 

0 

81.00,010 

Otnl300«A 

Thus,  with  water  polluted  with  128,200,000  bacilli  per  liter  and 
whose  spores  will  resist  boiling  for  several  hours,  sterilization  is  almost 
immediate  (in  the  time  necessary  for  the  water  to  pass  through  the 
apparatus  at  the  mean  rate  of  81  liters  per  hour.  This  experiment 
should  be  of  special  interest  to  surgeons. 

Such  are  the  results.  Let  me  repeat  my  earlier  conclusions,  which 
have  been  but  strengthened:  The  sterilizing  power  of  the  ultra- 
violet rays  emitted  by  a  quartz  mercury-vapor  lamp  immersed  in 
water,  face  to  face  with  the  microbes  contained  in  that  water,  is  so 
great  that  the  problem  of  the  integral,  rapid,  and  economical  steril- 
ization of  dear  water  by  this  procedure  may  be  considered  as  solved^ 

MUST  THE  QUABTZ  MEBOUBY-VAPOB  LAMP  BB  IMMEBSED  IN  THE  WATBB  t 

Should  the  lamp  be  inmiersed  in  the  water  or  merely  placed  just 
above  it  t    Immersion  is  certainly  preferable. 

Naturally  we  tried  an  apparatus  in  which  the  meroury-vapor 
lamp  was  placed  just  above  a  thin  sheet  of  water  for  sterilization. 
The  water  was  sterilized.  However,  practically  and  economically, 
immersion  is  necessary.    The  reasons  for  this  are  easily  given. 

The  greatest  reason  is  that  the  utilization  of  the  sterilizing  power 
of  the  lamp  is  infinitely  more  perfect  when  within  the  mass  of  water 
itself.  The  water  is  then  in  close  contact  with  the  source  of  the  rays ; 
all  of  the  rays  emanating  in  all  directions  are  used.  A  lamp  conse- 
quently sterilizes  a  far  greater  volume  of  water  when  it  is  immersed 
than  when  merely  placed  dose  to  the  water — that  is  surdy  clear. 
Economically,  therefore,  immersion  is  very  advantageous. 

And  yet  further:  Immersion  seems  necessary  for  the  life  of  the 
lamp  as  an  emitter  of  ultra-violet  rays.  The  quartz  tube  of  such  a 
lamp,  working  in  the  air,  is  warmed  to  some  700*^  or  800®  C.  H.  Bor- 
38734^— «M  1911 ^16 
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dier^  has  shown,  by  means  of  his  chromo-actinometer,  that  eveiy 
quartz  mercury-vapor  lamp  gradually  loses  its  power  of  giving  out 
ultra-violet  rays  because  of  the  increasing  opaqueness  of  the  quartz 
tube.  At  the  end  of  a  service  of  about  500  hours,  he  states,  the 
lamp  emits  only  one-seventh  of  its  original  quota  of  these  rays. 
This  defect  is  without  remedy  and  therefore  decisive.  If  his  results 
are  real,  then  immersion  is  necessary  for  cooling  the  lamp,  so  as  to 
prevent  this  change. 

Immersion,  therefore,  has  these  advantages,  economy  and  long 
service. 

It  may  be  objected  that  since  the  immersion  cools  the  lamp,  with  a 
given  current  of  electricity  there  will  be  a  smaller  amount  of  ultra- 
violet rays  emitted.  This  would  be  expected  in  accordance  with  the 
results  of  Retchinsky  (1906).  However,  a  lamp  thus  cooled  can  be 
made  to  emit  just  as  much  ultrar violet  radiation  as  a  warm  lamp 
(new  and  imused,  see  the  experiments  of  H.  Bordier)  if  a  greater  cur- 
rent of  electricity  is  used.  The  increased  cost  of  this  greater  current 
is  practically  of  small  importance  compared  with  the  increased 
efficiency  of  the  immersed  lamp  where  all  the  radiation  is  utilized. 
That  is,  though  an  immersed  lamp  uses  a  greater  amount  of  elec- 
tricity, it  will  sterilize  a  far  greater  amoimt  of  water. 

To  sum  up:  The  immersion  of  the  lamp,  economically  considered, 
is  preferable.  If  the  results  of  Bordier  are  confirmed,  immersion  will 
be  the  only  method  giving  a  long  life  to  the  sterilizing  power  of 
the  lamps. 

NATURE  OF  THE  PBOCESS  OF  STERILIZATION  OF  WATER  BY  THE  X7LTRA- 
VIOLET  RADIATIONS. 

The  ultra-violet  rays  kill  the  microbes  in  the  water  by  a  direct 
bactericidal  action,  and  not  indirectly  by  a  chemical  modification  of 
the  water. 

It  might  at  fiirst  have  been  surmised  that  the  sterilization  was  due 
to  the  production  of  ozone.  That  is  wholly  untrue..  With  Th. 
Nogier  and  Bochaix,'  I  have  shown  that  during  the  time  required 
for  sterilization  (only  a  few  seconds  or  a  minute)  not  even  a  trace  of 
ozone  was  produced.  If  with  a  longer  time  it  is  produced,  it  would 
be  after  sterilization  had  occurred  and  have  nothing  to  do  with  tiie 
latter  process.  It  would  never  occur  in  practice.  The  production 
of  ozone  is  a  separate  laboratory  process.  Moreover,  sterilizatioa 
will  take  place  in  the  absence  of  oxygen.  (Cemovodeanu  and  y« 
Henri.) 

1 H.  Bordier,  Qoantitom^trie  des  n]ro]i8  oltra-Tiolets.    Archiyes  El.  MM.,  No.  285,  p.  390. 
•J.CoannoiityTh.  Nogier  etRodhaU.   C.R.  Ao.des8oieiioee,  13Jumetl900. 
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We  have  obtained  siinilar  results  as  to  oxygenated  water.^  Cer- 
tain inTestigators  have  thought  that  this  was  produced  and  caused 
the  sterilization  and  would  itself  render  the  water  dangerous  for 
alimentary  use.  Such  an  explanation  is  false  and  the  fear  ground- 
less. But  a  trace  of  oxygenated  water  was  formed  after  several 
houiB'  exposure  to  the  rays.  There  was  never  any  oxygenated 
water  formed  during  the  short  passage  of  the  water  about  the  lamp 
necessary  for  the  sterilization. 

CHEMIOAL  MODIFICATION  OF  THE  WATER  TREATED  WITH  THE  ULTRA- 
VIOLET RADIATION. 

Chemically  water  is  very  little  altered  by  the  ultra-violet  rays, 
certainly  during  the  short  time  required  for  tJie  sterilization. 

Yfiih  Th.  Nogier  and  Rochaix,'  I  have  shown  that  an  exposure  of 
10  minutes  Gamp  immersed  in  a  basin  of  water  only  a  few  centimeters 
deep)  hardly  altered  the  chemical  composition  of  the  water.  The 
organic  matter,  ammonia,  the  nitrites,  the  nitrates,  and  other  sub- 
stances dissolved,  were  almost  always  in  the  same  proportions  at 
the  end  of  10  minutes;  they  were  not  in  the  least  transformed  by 
the  passage  (several  seconds)  in  an  immersion  apparatus,  a  length 
of  passage  sufficient  for  complete  sterilization. 

We  add  that  the  taste  and  odor  of  the  water  are  not  altered. 

THE   WATER  THUS  TREATED  IS  HARBfLESS. 

Although  the  chemical  composition  of  the  water  is  not  changed  by 
the  ultra-violet  rays,  the  question  as  to  its  harmlessness  yet  remains. 
Is  Uie  water  thus  sterilized  harmless  t 

We  have  fed  daily  for  a  month  dogs,  rabbits,  and  guinea  pigs  with 
water  from  a  Nogier  apparatus.  Nothing  in  their  general  health,  in 
their  weight,  or  their  temperature  indicated  the  least  ill  effect. 

THS  ACTION  OF  THE  ULTRA-VIOLET  RADIATION  ON  THE  FLUORESCENT 
MATTER  CONTAINED   IN   WATER. 

Concerning  the  processes  for  controlling  the  sterilization  of  water, 
Dienert '  has  made  a  very  interesting  note.  There  exist  in  all  surface 
waters  fluorescent  matter  of  organic  origin.  Sterilization  by  the 
ultra-violet  rays  (as  well  as  by  ozone  or  otherwise)  causes  a  notable 
decrease  in  the  quantity  of  such  matter.  Water  treated  by  these  rays 
differs  therefore  in  tids  respect  from  the  natural  river  water  before  its 
passage  through  our  apparatus. 

1 7.  Coaimoiit,  Th.  Nogier  et  Rochaix.   C.  R.  Ac.  des  Sciences,  30  mfti  19lo. 
s  7.  Coumont,  Th.  Nogier  et  Rochaix.   C.  R.  Ac.  des  Scienoee,  12  JuIUet  1909. 
•  Dieoert.   C.  R.  Ac.  des  Sdenoee,  21  fivricr  1909. 
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ACTION  OP  THE  ULTBA-VIOLET  BADIATION  UPON  TOXINE8. 

It  may  be  asked  idiether  the  poisons  resulting  from  the  microbes 
and  which  may  be  contained  in  the  water  (in  small  quantities,  of 
course)  are  destroyed  by  the  ultra-violet  rays.  We  are  in  a  position 
to  answer  this  question. 

The  toxines  such  as  we  have  been  able  to  obtain  in  our  bacteriolo- 
gical laboratories  can  not  be  destroyed  by  the  ultra-violet  rays  since 
they  form  a  liquid  very  rich  in  colloidal  matter  and  therefore  not 
transparent  to  this  radiation.  It  would  therefore  be  necessary  to 
work  with  very  thin  strata  of  the  liquid.  We  have  demonstrated  this 
with  the  tetanus  toxine.*  A  very  long  exposure  (one  hour  under  1  to 
2  cm.)  scarcely  weakened  the  toxic  power  of  a  fibrous  culture  of  the 
Nicolaier  baciUL  If  the  toxine  is  suiSciently  diluted  with  water,  say 
1  part  in  2,000,  it  is  neutralized  in  a  few  minutes.'  Cemovodeanu 
and  v.  Henri  have  obtained  similar  results.* 

Toxines  are,  therefore,  very  sensitive  to  the  action  of  the  ultra- 
violet rays  provided  they  are  so  diluted  as  not  to  be  protected  from 
them  by  their  colloidal  state.  Such  toxines  as  are  apt  to  be  found  in 
potable  water  will,  therefore,  be  destroyed  as  well  as  the  microbes. 

FSACTIOAI.  APPLICATIONS. 

Are  the  preceding  results  capable  of  practical  application  ?  Surely. 
They  give  rise  to  a  simple  and  veiy  powerful  new  method  of  steriliza- 
tion, applicable  wherever  an  electrical  current  (continuous  or  trans- 
formed) is  at  hand. 

The  water  is  not  changed  or  warmed.  Nor  is  it  harmful  for  drink- 
ing. 

The  only  condition  necessary  for  the  successful  sterilization  is  the 
transparency  of  the  water;  filtration  would,  therefore,  be  neceesaiy 
for  muddy  water. 

Our  apparatus  can  serve  three  purposes:  First,  household  steriliza- 
tion (special  small-sized  apparatus  adapted  to  the  supply  pipe  of 
an  apartment).  Second,  sterilization  for  larger  establishments  (appa- 
ratus with  greater  flow  of  water  placed  at  the  entrance  of  the  water 
into  the  building  and  furnishing  sterile  water  to  all  the  faucets  of  a 
hotel,  barracks,  hospital,  school,  etc.).  Third,  sterilization  of  water 
for  a  city  (apparatus  capable  of  purifying,  if  necessary,  several 
thousand  cubic  meters  of  water  per  day;  apparatus  with  which  trials 
are  actually  being  made). 

For  household  apparatus,  and  even  for  such  as  is  destined  for  larger 
establishments,  it  is  desirable  to  have  some  automatic  device  to  stop 

1 7.  Counnont  et  Th.  Nogler.   C.  R.  Ac.  des  Sciences,  2  mais  1009. 

•  7.  Coanuent  et  Th.  Nogier.    C.  R.  Ac.  des  Sciences,  2  aoftt  1909. 

•  Cemovodeanu  et  V.  Henri.   C.  R.  Ac.  des  Sciences,  2  aoftt  1900. 
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the  flow  of  water  whenever  the  lamp  may  not  work  either  through 
accident  or  design.  Surveillance  of  the  apparatus  would  then  be 
unnecessary.    Only  sterile  water  could  be  drawn. 

Such  apparatus  as  we  have  described  in  this  article  would  be  of 
great  advantage  in  certain  professions  and  industries.  Surgeons, 
obstetricians^  could  have  sterile  water;  pharmacists  would  feel  secure 
in  the  preparation  of  aseptic  compounds;  brewers  would  have  great 
advantage  in  using  sterile  water.  Water  thus  sterilized  could  be  used 
by  daiiymen,  beer  makers,  manufacturers  of  artificial  mineral  waters 
or  bottlers  of  natural  water  (washing  of  bottles),  etc. 

The  appUcations  which  Th.  Nogier  and  I  have  made  of  the  bacteri- 
cidal power  of  the  ultra-violet  rays  in  the  sterilization  of  water  have, 
therefore,  an  important  practical  bearing  which  no  one  now  contests. 
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[With  colored  map.] 


By  Dr.  M.  PHiUFroT, 
AMtrwumer  at  the  Boifol  Obtervatory  of  Belgium. 


TIME   IN   GENEBAL.  "^ 

Time  is  measured  by  the  rotation  of  the  earth  about  its  axis.  A 
day  is  defined  as  the  time  taken  for  one  complete  rotation.  It  is 
assumed  tixsi,  the  axis  is  fixed  in  the  earth  and  that  the  rotation  is  \ini- 
form.  In  order  to  measure  the  time  taken  for  this  rotation,  it  is  nec- 
essary to  have  reference  marks  both  in  the  sky  and  on  the  earth. 
For  the  latter  the  meridian  is  chosen,  which  is  the  plane  passing 
througli  the  earth's  axis  and  vertical  to  the  place  where  the  time  is 
measured.  Two  points  are  used  in  the  sky:  The  first,  the  vernal 
equinox,  which  is  the  ascending  node  (intersection)  of  the  ecliptic 
upon  the  equator;  the  second  is  tiie  sun's  center.' 

The  vernal  equinox  serves  to  determine  the  sidereal  day,  which  is 
the  time  between  two  successive  passages  of  the  equinoctial  point 
over  the  upper  meridian  of  a  place.  The  moment  of  this  passage  is 
taken  as  the  beginning  of  the  sidereal  day.  The  hour  angle  of  the 
vernal  equinox  gives  the  local  sidereal  time.  For  the  affairs  of  civil 
life  sidereal  time  is  inconvenient  and  not  used.  It  is  used  only  for 
astronomical  purposes. 

The  center  of  the  solar  disk  is  used  to  define  the  true  solar  day. 
On  account  of  the  variable  movement  of  the  sun  along  the  ecliptic, 
the  length  of  the  true  solar  day  varies  from  day  to  day  and  it  is  not 
feasible  to  make  mechanisms  or  clocks  keeping  time  with  these  irreg- 
ularities. A  fictitious  Sim  has  therefore  been  imagined,  running  its 
course  along  the  ecliptic  at  a  regular  rate  and  reaching  the  points  of 
its  orbit  nearest  to  and  farthest  from  the  earth  at  the  same  times  as 
the  true  sun.  A  second  imaginary  sun  is  likewise  supposed  to  pass 
along  the  celestial  equator  at  a  uniform  rate  and  to  be  at  the  vernal 
equinox  at  the  same  moment  with  the  first  fictitious  sim.  This  sec- 
ond imaginary  sim  is  called  the  mean  sun.    The  day  measured  by  it 

1  Txao^ted  by  pwrntoinn,  iritb.  nwUima  by  tlM  aathor,  fkom  AmuuitrB  Aftraoomlqat  poor  lOU 
Bcictnxii. 

1  TlM  ecliptic  Is  tlMintflraeottoiiwiUi  the  oeleBtialipbire  of  the  plane  pentng  tbrou^  the  earth's  orbit. 
The  equator  is  the  intefsectkm  with  the  celestial  sphere  of  the  plane  passing  throogh  the  earth's  equator. 
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is  constant  in  length  and  is  called  the  mean  solar  day.  It  com*- 
mences  at  the  moment  when  the  center  of  the  sun  passes  the  upper 
meridian  of  the  place.  Mean  solar  time  is  used  in  all  the  affairs  of 
civil  life  and  our  clocks  are  therefore  regulated  to  it,  not  to  true  solar 
time.  In  astronomical  use,  the  beginning  of  the  mean  solar  day  is 
at  the  upper  passage  of  the  center  of  the  mean  sim  across  the  meridian; 
that  is,  at  mean  noon;  whereas  the  civil  day  conmiences  at  the  mo^ 
ment  of  the  lower  passage  (imder  the  earth),  midnight.  In  the  first 
instance,  we  speak  of  mean  astronomical  time;  in  the  second,  of  dvil 
time.    The  latter  is  exactly  12  hours  earlier  than  the  former. 

The  difference  between  true  and  mean  time  is  known  as  the  equa- 
tion of  time.^  The  equation  of  true  time  is  therefore  the  amoun^of 
time  which  it  is  necessary  to  add  algebraically  to  true  time  in  order 
to  get  mean  time;  the  equation  of  mean  time,  what  we  must  add  to 
mean  time  to  have  true  time.  Accordingly,  for  the  same  moment, 
the  equations  of  true  time  amd  mean  time  are  equal  in  amount,  but 
opposite  in  sign.  The  equation  of  time  varies  fnnn  day  to  day,  but 
its  greatest  value  is  a  little  less  than  17  minutes. 

SOCIAL    CONSmEBATIONS. 

The  principal  affairs  of  daily  life  go  on  while  the  sun  is  above  the 
horizon;  that  is,  during  the  daytime.  The  sun,  therefore,  controls 
most  of  our  actions,  and  it  is  but  natural  that  it  should  serve  to  meas- 
ure our  time.  Since  the  equation  of  time  is  always  lees  than  17 
minutes^  the  difference  between  the  true  and  mean  times  is  of  little 
importance  and  brings  no  inconvenience  into  civil  life. 

All  the  general  facts  just  stated  apply  to  any  place  upon  the  globe. 
If  each  place  were  to  adopt  the  time  appropriate  to  its  own  meridian, 
called  local  time,  the  consequent  diversity  of  time  would  result  in 
great  confusion.  It  is  therefore  advisable  for  the  convenience  of 
social  life  to  adopt  some  conventional  system  of  time  for  all  the  people 
of  a  certain  region.  Their  clocks  must  be  regulated  to  the  time  of 
some  conveniently  chosen  meridian;  there  must  be  some  standard 
time  fixed  either  by  law  or  custom.  The  choice  of  this  depends  on 
various  considerations.  The  principal  consideration  seems  to  be 
that  this  time  shall  depart  as  little  as  possible  from  local  time.  In 
our  choice  of  the  meridian  by  which  to  regulate  our  clocks,  we  should 
therefore  limit  ourselves  to  one  which  passes  through  some  central 
part  of  the  region  under  consideration;  then  the  difference  between 
the  local  and  the  official  time  will  be  as  small  as  possible  in  the  ex- 
treme parts  of  that  region. 

The  changing  of  the  time  at  one  locality  to  that  corresponding  to 
the  same  moment  at  another  place,  although  a  very  elementary 
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process,  is  one  in  which  the  uninitiated  is  very  liable  to  make  errors. 
As  the  laranaformation  is  generally  wished  quickly,  it  is  important  to 
reduce  the  process  to  its  simplest  state.  Since  the  time  defined  by 
the  mean  sun  is  itself  purely  conventional,  it  may  be  used  over  a 
considerable  region  with  little  inconvenience.  Thus,  for  the  whole  of 
a  country  may  be  adopted  either  the  time  corresponding  to  some 
point  in  its  capital  or  to  that  of  its  principal  observatory,  whichever 
is  preferable. 

With  the  extension  of  international  communication,  quite  naturally 
certain  countries  grouped  together  in  the  use  of  the  time  correspond- 
ing to  some  place  near  their  center  when  this  did  not  bring  too  great 
discordance  with  the  true  local  time.  But  this  effected  only  a  partial 
solution  and  trouble  still  remained  when  it  was  desired  to  pass  from 
the  time  of  one  group  to  that  of  another.  An  international  agree- 
ment was  necessary  for  considering  this  problem  and  bringing  it  to  a 
rational  solution. 

SYSTEM  OP  ZONES — ^DIAL  OP  24   HOUBS. 

• 

In  1884,  a  conference,  called  together  at  the  initiative  of  the  United 
States,  met  at  Washington  for  the  purpose  of  coming  to  some  under- 
standing among  the  various  nations  of  the  world  as  to  the  choice  of  a 
standard  meridian  and  a  universal  system  of  time.  Several  such 
systems  were  proposed.  The  conference,  which,  moreover,  had  no 
l^al  power,  limited  itself,  among  othar  resolutions,  to  recommending 
the  adoption  of  the  meridian  of  Greenwich  and  to  the  expression  of 
their  sentiment  in  favor  of  a  universal  system  of  time  without  com- 
mitting themselves  to  any  special  system.  However,  during  their 
sessions  the  delegates  planned  a  system  of  hour  lunes  or  spherical 
sectors,  which  was  abready  coming  into  use  in  certain  portions  of 
North  America.  According  to  this  scheme,  the  terrestrial  globe  is 
divided  into  24  sectors,  15®  or  1  hour  in  width;  that  which  extended 
7.5®  or  30  minutes  of  time  to  the  west  and  to  the  east  of  Greenwich 
was  adopted  as  the  initial  sector.  The  time  in  any  sector  is  exactly 
1  hour  ahead  of  the  neighboring  sector  just  to  the  west  and  1  hour 
behind  that  just  to  the  east. 

The  advantage  of  such  a  convention  is  that  at  any  instant  the 
time  indicated  by  accurately  regulated  clocks  the  world  over  would  be 
the  same  as  to  minutes  and  seconds,  differing  only  in  the  whole  hours; 
consequently  in  passing  from  the  time  of  one  place  to  that  of  another 
it  is  necessary  to  add  or  subtract  only  a  whole  number  of  hours.  This 
process  consists  in  combining  two  numbers  of  never  more  than  two 
figures;  thus  the  task  is  reduced  to  its  minimum. 

Evidently  such  a  simple  system  must  finally  prevail  from  its  own 
merits;  consequently  we  find  it  coming  more  and  more  into  use. 
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The  conference  at  Washington  also  reconunended  the  adoption  of  a 
dial  of  24  hours^  which  has  the  advantage  that  the  use  of  the  abbre- 
viations a.  m.  and  p.  m.  is  unnecessary,  as  is  the  case  with  a  dial  of 
12  hours.  Unfortimately  the  spread  of  this  reform  seems  to  have 
nearly  stopped.  It  is  offidally  used  at  present  only  in  Belgium, 
Canada,  Spain,  France,  Italy,  and  British  India. 

The  civil  day  commences  at  mean  midnight.  For  astronomical 
purposes  a  system  of  24  hours  is  universally  employed  but  the  zero 
hour  corresponds  to  mean  noon,  so  that  mean  astronomical  time  is 
exactly  12  hours  later  than  mean  civil  time.  This  convention  was 
adopted  so  that  the  same  date  could  be  used  for  all  the  observations 
of  a  single  night.  Although  the  conference  at  Washington  resolved 
that  as  soon  as  practicable  all  astronomical  and  nautical  dates  over 
the  whole  world  should  commence  at  mean  midnight,  astronomers 
have  not  so  done.  English  mariners  indicate  by  p.  m«  the  afternoon 
hours  and  by  a.  m.  those  of  the  forenoon. 

The  time  corresponding  to  certain  zones  have  received  special 
designations: 

WeBtem  European  time,  or  weetem  time,  correepondiDg  to  the  eone  of  Greenwich. 

Central  European  time,  or  central  time,  corresponding  to  the  zone  1  hour  east 
of  Greenwich. 

Eaatem  European  time,  or  eastern  time,  corresponding  to  the  zone  2  hours  east  of 
Greenwich. 

Eastern  standard  time,  corresponding  to  5  hours  west  of  Greenwich. 

Central  standard  time,  corresponding  to  6  hours  west  of  Greenwich. 

Mountain  standard  time,  corresponding  to  7  hours  west  of  Greenwich. 

Pacific  standard  time,  corresponding  to  8  hours  west  of  Greenwich. 

Since  1884  many  countries  have  adopted  systems  of  time  based 
upon  the  zones  and  the  meridian  of  Greenwich.  In  the  foUowing 
table  are  given  the  principal  nations  or  portions  of  nations,  the  merid- 
ians adopted;  and  the  differences  between  their  standard  times  and 
that  of  Greenwich.  The  plus  sign  (+)  indicates  that  the  given 
difference  must  be  added  to  Greenwich  time  in  order  to  obtain  the 
time  in  a  given  country;  the  negative  sign  (— ),  that  it  must  be 
subtracted. 

The  systems  of  time  in  xwious  countries. 


Region  or  country. 


Meridian. 


Dilferenoe. 


Remarks. 


Africa: 

English  sonth.... 

Qerman  south..., 

Portogaeaewest.. 

Portagoeeeeast... 
Argentina  H^NibUo.. 
AnatraUa: 

Central 

Weitem. 


Oreenwloh. 

....do. 

....do 


...  do..... 
Ocfdoba... 


Greenwich. 
....do 


+  10  0 
+  200 
+  10  0 
-  4    10    48.2 

+  0  30  0 
+  8     0     0 


Legal  time. 

Do. 
Official  time. 
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The  tyttems  of  time  in  various  couniriee — Continued. 


Rflgiaci  or  ooontiy. 


Diflenooe. 


AnstriA-HiuigMry 

Beltiam. 

OBOftda: 

NoTft  Sooite......... 

New  Bnmswiok.... 

Ontario  and  Quebec 

KeewBtinandlCanltoba 

Alberta,  Aiwlnftwia,  Athabasca. 

BriUah  Oolmnbfab 

ChflL 

Qiina  (eastern  coast) 

Colombia. 

Costa  Rloa. 

Cuba 


Egypt. 


Bnglaiid  and  Scotland. . 
Formosa,  Pescadores . . . 

France  and  Algeria 

Qermany 

Greece 

Holland 

Honduras 

India  and  Ceylon 

India,  Portuguese 

Ireland 

Italy 


Qreenwieh.. 
....do. 


....do. 

....do. 

....do. 

....do. 

....do. 

.....do. 

Bantiafo... 
Greenwich. 


San  Jose. 


Greenwich. 

....do. 

Quito 

Greenwich. 
....do 


Japan 

Korea 

Luxembourg 

Mexioo. 

Newfoundland 

New  South  Wales 

New  Zealand 

Nicaragua 

Norway 

Panama 

Peru. 

Portugal,  with  Whydah  and  the  islands 

St.  Thomas  and  Principe. 
Portugal: 

Azores  and  Cape  Verde  Islands 

Madeira,  Portuguese  Guinea. 

Ifauritiua  Island. 

Macao,  Portuguese  Timor 


....do 

....do. 

Athens 

Amsterdam. 
Greenwieh.. 

Madras. 

Greenwich.. 

DubBn. 

Greenwich.. 
....do. 


Greenwich. 

....do 

Mexioo 

St.  Johns.. 
Greenwich. 

....do 

Managua... 
Greenwich. 

....do 

....do 

....do 


.do., 
.do.. 


.do., 
.do., 
.do.. 


Ronmanlft. . 

Russia. 

Salvador.... 


Spain. 

Sweden. 

Switserland. 


....do. 

Pulkova 

San  Salvador.. 
Greenwich.... 

....do. 

....do. 

....do 


+  1 
0 

-  4 

-  5 

-  6 

-  « 

-  7 

-  8 

-  4 
+  8 

-  4 

-  5 

-  5 
+  1 
+  2 
~  5 

0 
+  8 

0 
+  1 
+  1 
+  0 

-  6 
+  6 
+  6 

-  0 
+  1 
+  9 
+  9 
+  1 

-  0 

-  3 
+10 
+11 

-  6 
+  1 

-  6 

-  6 
0 


-  2 

-  1 
+  4 
+  8 
+10 
+  2 
+  2 

-  6 
+  1 

0 
+  1 
+  1 


0   0 
0   0 


42  46.1 

0  0 

50  64.2 

36  16.0 

29  26.0 

0  0 

0  0 

14  6.7 


34  G2.9 

19  39.0 
0  0 

20  £0.1 
0  0 

25  21.1 

0  0 

0  0 

0  0 

0  0 

36  26.7 

30  43.6 

0   0 
30   0 

45  10 

0   0 

0  0 

0  0 

0  0 


1  18.6 

56  32.0 
0  0 
0  0 
0  0 
0  0 


Railroads. 
Official  time. 

Cegaltinw. 

Do. 

Do. 

Do. 

Do. 

Do. 
Railroads. 
Railroads,  ports. 

Railroads. 

Do. 
Legal  time. 

Do. 
Official  time. 
Legal  time. 

Do. 

Do. 

Do. 

Do. 

Do. 


Do. 

Do. 

Do. 

Do. 
Railroads. 
Legal  time. 


Do. 
Do. 

Legialtime. 
Railroads. 
Official  time. 
Legal  time. 


Do. 

Do. 

Do. 
"      Do. 

Do. 
Railroads. 

Do. 
Legal  time. 
Railroads. 
Official  time. 
Legal  time. 

Do. 
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•     Region  or  country. 

Meridian. 

DUtereDoe. 

BeoiarkB. 

Tasmania. 

Gremwlch. 

do 

+10     0     0 
+  2     0     0 

-  6     0     0 

-  0     0     0 

-  7     0     0 
-8     0     0 

-  0     0     0 
-10   30     0 

-  4     0     0 
+  8     0     0 

-  3    44    61.4 

-  4    27    43.6 
+10     0     0 

Legal  time. 
RallnHidif. 

Torkey 

United  States: 

Eastern  ttandard 

Oentral  standard 

do 

do. 

Legal  time. 
Do. 

Moontatn  standard 

do. 

do. 

Do. 
Do. 

Al^v^. 

do 

Do. 

HawaU 

do 

Do. 

Porto  Rloo 

Philf|^nM 

do 

do. 

Do. 
Do. 

Ununiay. 

Montevideo 

Caracas 

Ri^nrxmdt. 

Venesuela 

Victoria 

Greenwich 

Legal  time. 

This  table  makes  easy  not  only  the  transformation  of  a  given  time 
to  the  corresponding  time  at  Greenwich  but  also  its  conversion  to 
that  of  any  other  place.  For  instance,  when  it  is  6  hours  a.  m.  in 
Chicago,  in  Manila  itis6  +  6  +  8«20  hours,  or  8  hours  p.  m. 

Upon  the  terrestrial  map  given  here,  the  24-hour  zones  have  been 
indicated;  the  central  line  of  the  first  passes  through  Greenwich. 
The  countries  and  territories  which  have  not  yet  adopted  the  inter- 
national system  of  time  are  tinted  blue,  the  others  rose.  For  great 
extents  of  country  like  the  United  States  of  America  it  is  easy  to  see 
at  a  glance  the  time  in  each  r^on. 

THE  INTERNATIONAL  DATE  LINE. 

It  is  well  known  that  if  we  go  westward  from  America  to  Asia, 
we  find  our  date  one  day  behind  time  when  we  reach  Asia;  if  wo 
travel  eastward  over  the  same  route  we  find  our  date  one  day  ahead 
of  time  when  we  reach  America. 

In  order  to  avoid  this  confusion  of  dates,  it  is  customary,  in  cross- 
ing the  one  himdred  and  eightieth  meridian  from  Greenwich,  to 
**jump"  a  day,  if  traveling  toward  the  west,  and  to  repeat  a  day  if 
traveling  toward  the  east.  However,  because  of  geographical  and 
political  conditions,  the  international  date  line  does  not  coincide 
exactly  with  the  one  hundred  and  eightieth  meridian.  It  is  an 
irregular  line  so  situated  that  all  eastern  Siberia  has  the  same  date, 
the  Aleutian  Islands  and  Hawaii  the  same  date  as  the  United  States 
of  America,  and,  fiinally,  the  Fiji  Islands  and  Chatham  Island  that 
of  Australia.    This  line  is  shown  on  the  accompanying  map. 
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THE  TIME  SBBVIOE  OP  VABIOUS  COUNTRIES. 

The  knowledge  of  the  exact  time  is  of  the  utmost  importance  for 
the  transaction  of  the  business  affairs  of  all  the  nations;  especially  so 
for  those  who  have  charge  of  the  means  of  transportation  and  of  rapid 
communication.  This  is  the  case  for  railroad  and  telegraph  com- 
panies and  especially  for  maritime  commerce.  The  captains  of  vessels, 
at  the  moment  of  clearing  for  sea,  must  be  able  to  regulate  their 
chronometers  with  precision,  for  upon  these  instnunents  depends  the 
determinations,  dining  their  voyage,  of  the  geographical  positions  of 
their  vessels.  Accordingly,  at  the  principal  ports  of  ihe  world,  a 
special  device  (time  ball)  is  used  to  give  the  mariners  the  exact  time 
at  known  moments.  Indeed,  in  certain  ports,  special  bureaus  for  this 
purpose  are  at  the  service  of  sea  captains  during  their  stay  in  port; 
here  they  may  deposit  their  chronometers  so  that  their  conditions 
and  daily  rates  may  be  determined.  These  time-service  biu*eaus  are 
generally  in  direct  communication  with  an  astronomical  observatory, 
which  assiu*es  them  of  the  time  used. 

Various  countries  of  the  world  have  organized,  according  to  their 
means  and  local  necessities,  more  or  less  extensive  time  services. 

Generally,  in  countries  covered  by  a  network  of  telegraph  and 
telephone  lines,  a  service  is  established  such  that  the  various  biu*eaus 
connected  by  wire  receive  daily  the  necessary  time  signal.  Those 
wishing  signals  can  apply  to  these  offices  or  rely  on  time  furnished  to 
exterior  clock  dials  either  at  railroad  stations  or  at  post  offices. 

In  the  United  States  of  America  the  time  is  sent  over  all  its  im- 
mense extent  of  land.  It  is  transmitted  at  noon  by  an  accurately 
regulated  pendulum  which  automatically  sends  currents  of  electricity 
over  all  the*  telegraph  lines  of  the  country.  These  currents  actuate 
receiving  instnunents  at  all  the  telegraph  stations.  The  duration  of 
the  transmission  lasts  five  minutes.  They  are  sent  out  from  the  Naval 
Observatory  at  Washington  for  all  the  region  east  of  the  Rocky 
Moimtains,  and  from  the  observatory  at  Mare  Island,  Cal.,  for  that  to 
the  west.  Besides  these  noon  signsJs,  others  can  be  sent  during  the 
course  of  the  day  when  required. 

In  Portugal  the  Lisbon-Tapada  Observatory  furnishes  telegraphi- 
cally the  time  to  the  whole  country,  to  the  time  ball  at  the  arsenal  at 
Lisbon,  and  to  the  chronometer  station  of  the  meteorological  observ- 
atory of  Ponta  Delgada  (S.  Mguel,  Azores). 

In  Belgimn  the  time  is  sent  daily  by  telephone  to  the  time-service 
office  at  the  port  of  Antwerp  where  an  assistant  is  detailed  to  compare 
such  chronometers  as  may  be  deposited.  An  accurate  Riefler  clock 
serves  to  maintain  the  requisite  time  and  work  the  time  ball.  The 
observatory  sends  the  time  also  to  the  central  biu*eau  of  the  tele- 
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graphs  which  in  turn  distributes  it  to  all  the  tel^raph  and  raihx)ad 
stations  of  the  kingdom. 

The  precise  time  is  sent  also  to  the  yarious  civic  departments  as 
well  as  to  certain  private  institutions  to  which  it  is  essentiaL  The 
transmission  of  the  time  is  made  as  follows:  As  soon  as  the  one  in 
charge  of  the  station  is  in  telephonic  communication  with  some  one 
wishing  the  time,  he  states  the  time  he  is  going  to  indicate,  to  the 
exact  minute  generally,  then,  10  seconds  before  that  time  he  calls, 
''attention,"  and  then  acciu-ately  at  the  minute  he  says,  ''tip.''  His 
"tip"  is  rarely  out  by  two- tenths  of  a  second. 
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SOME  RECENT  INTEEESTTNG  DEVELOPMENTS  IN 
ASTRONOMY.* 


By  J.  8.  Plaskxtt,  B.  A., 
Dondnum  Oh$ervatOTy,  Ottawa,  Canada. 


It  has  been  the  custom  for  the  newly  elected  president  of  an 
astronomical  society  to  give  in  his  inaugural  address  a  review  of 
the  progress  of  the  science  of  astronomy  during  the  year  just  closed; 
and  I  am  partly  complying  with  that  custom  in  what  I  have  to  say 
to  you  to-^iight.  I  do  not  propose,  however,  to  attempt  to  give 
you  a  review  of  the  whole  field  of  astronomy.  That  would  be  quite 
impossible  in  one  address.  All  I  shall  attempt,  therefore,  is  to 
select  from  the  material  at  hand  some  gf  the  most  important  results 
recently  attained,  and  from  these  again  those  which  are  likely  to 
prove  of  the  greatest  general  interest.  In  this  selection,  it  is  very 
likely » that  I  shall  be  guided  by  my  own  particular  preferences,  and 
I  do  not,  tiierefore,  claim  that  what  I  have  to  lay  before  you  will  be 
entirely  representative  of  the  progress  of  the  science. 

In  my  opinion  there  has  been  no  time  in  the  history  of  astronomical 
science  when  progress  has  been  so  rapid  and  when  we  seem  to  be 
on  the  eve  of  so  many  interesting  developments,  and  I  might  almost 
say  generalizations,  as  at  the  present  time. 

^  One  of  the  most  significant  indications  of  such  development  in 
astronomy  is  the  remarkable  coordination  and  correlation  that  is 
being  so  rapidly  developed  among  the  different  sciences.  A  few 
years  ago  the  astronomer  made  no  use  of  any  science  but  his  own,, 
with,  of  coiurse,  its  indispensable  adjunct  mathematics;  but  now 
progress  in  astronomy  is  impossible  without  the  aid  of  physics  and 
chemistry,  geophysics  and  geology.  We  do  not  know,  indeed,  how 
soon  we  shall  be  applying  biology,  with  its  allied  sciences,  in  the 
study  of  such  a  subject  as  ''Life  in  other  worlds,"  on  which  we  had 
recently  such  an  eloquent  and  instructive  address  by  Prof.  Aitken. 
Another  significant  fact  pointing  toward  rapid  developments  and 
deductions  is  the  completion  or  approaching  completion  of  many 

1  Address  befon  tbe  Royal  jkttrooomiotl  BwiBty  of  CsiuuU,  Ottawa.  Feb.  38, 1011.  Repfinted  by  per> 
ndsstonCram  the  Jcfonal  of  tbis  Boyal  Astrono^^ 
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extensiYe  researches  in  our  science.  Astronomy  is,  perhaps  more 
than  any  other,  a  science  which  requires  long  continued  and  system- 
atic investigations  to  be  carried  through  with  faithfuhiess,  imsel- 
fishness,  and  untiring  perseverance  before  any  definite  results  can 
be  attained.  All  honor  to  the  astronomers  of  the  past,  who  spent 
their  lives  in  making  observations  of  which  they  themselves  could 
not  hope  to  reap  any  fruit,  and  all  honor  to  the  astronomers  of  the 
present,  who  are  unselfishly  collecting  data  which  only  a  future 
generation  can  use.  The  r^ults  of  past  observations  are  beginning, 
in  many  different  branches  of  our  science,  to  be  of  inestimable 
service  in  unravelling  some  of  the  mysteries  of  the  imiverse. 

-Let  us  begin  our  review  of  the  progress  of  our  science  at  our  own 
globe,  and  tiiough  one  would  hardly  state  that  the  science  of  geo- 
physics, as  the  study  of  the  form  and  constitution  of  the  earth  is 
called,  is  astronomy,  yet  it  can  not  be  disputed  that  only  by  know- 
ing exactly  the  dimensions  of  our  earth  can  we  determine  the  dimen- 
sions and  distances  of  the  heavenly  bodies;  and  only  from  a  study 
of  the  constitution  and  physical  condition  of  our  globe,  which  must 
include  careful  measurements  of  the  spectra  of  terrestrial  elements, 
can  we  determine  the  constitution,  the  physical  conditions,  and  the 
radial  motions  of  the  heavenly  bodies.  We  have  to  proceed  to 
the  inaccessible  by  a  study  of  the  accessible,  and  to  investigate  the 
the  unknown  by  attacking  the  knowable,  and  hence  we  may  safely 
say  that  a  knowledge  of  the  dimensions  and  form,  the  constitution 
and  physical  condition,  of  the  earth  is  a  first  requisite  for  a  satis- 
factory study  of  the  heavenly  bodies.  The  science  of  geodesy^ 
which  treats  of  the  figure  and  size  of  the  earth,  is  making  substantial 
progress  all  over  the  world,  and  new  and  more  accurate  data  are 
constantly  being  obtained.  It  is  a  great  satiitfaction  to  me  to 
record  that,  under  the  able  superintendence  of  Dr.  Ejng,  good 
progress  is  being  made  in  an  accurate  geodetic  survey  of  Canada. 
This  work,  which  has  only  recently  been  organized,  will  furnish  at 
the  same  time  results  of  tJie  greatest  practical  usefulness,  as  well  as 
of  the  highest  scientific  value.  The  allied  brandies  of  seismology, 
terrestrial  magnetism,  and  of  the  determination  of  gravity  are, 
along  with  geodesy,  gradually  changing  and  crystallizing  oiu*  notions 
of  the  structure  of  the  interior  of  the  earth  from  the  old  idea  of  a 
thin  crust  surrounding  a  molten  interior  to  that  of  a  solid  globe 
whose  density  and  elasticity  increase  with  the  d^th,  at  least  for 
some  distance,  and  which  acts  on  the  whole  as  if  it  possessed  the 
rigidity  of  steel.  Geodetic  measurements  show  that  all  local  irregu- 
larities on  the  surface  such  as  mountains  and  valleys  are  completely 
compensated  for  at  a  depth  of  about  75  nules.  This  means  ^at  if, 
from  the  boimdaries  of  equal  areas  on  any  part  of  the  earth's  sur- 
face, lines  are  drawn  toward  the  center  to  a  depth  of  75  miles  from 
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sea  leyel,  the  amount  of  matter  inclosed  is  the  same  in  each.  This 
is  called  the  isostatic  layer  and  acts  as  if  it  were  floating  in  equili- 
brium on  a  liquid  at  that  depth.  The  comparatively  new  science 
of  seismology — ^in  which  our  observatory  is  so  ably  represented  by 
Dr.  Klotz,  whose  method  of  recording  the  earth  distiu^bances  is,  I 
may  say,  now  being  extensively  copied — on  the  other  hand  shows, 
from  the  form  and  velocity  of  propagation  of  earth  disturbances, 
that  the  interior  must  be  about  as  rigid  as  steel.  This  is  further 
corroborated  by  measurements,  by  a  kind  of  seismograph,  of  the 
deformation  of  the  solid  earth  by  the  luni-solar  attraction,  which 
in  the  sea  produces  the  tides  but  which  also  sets  up,  though,  of 
course,  very  much  reduced  in  magnitude,  a  similar  effect  upon  the 
land.  The  more  recent  advances  in  seismology  have  been  in  the 
direction  of  improving  the  sensitiveness  of  the  instruments  and  the 
methods  of  discussion  of  data,  so  that  we  may  hope  to  gradually 
obtaiii  definite  knowledge  of  the  density,  rigidity,  and  elasticity  of 
the  interior,  layer  by  layer. 

The  increase  of  data  in  terrestrial  niagnetism,  on  the  other  hand, 
seems  to  have  complicated  rather  than  simplified  the  problem,  which 
is,  of  course,  naturally  the  case  when  the  fundamental  underlying 
cause  or  principle  is  unknown;  and  this,  it  must  be  confessed,  is  the 
case  in  this  science.  There  can  be  no  doubt,  however,  of  its  ultimate 
solution;  and,  indeed,  we  are  beginning  to  see  some  glimmerings  of 
light  in  the  magnificent  work  being  carried  on  at  the  solar  observa- 
tory on  Mount  Wilson,  where  one  of  the  most  recent  and  wonderful 
results  has  been  \o  definitely  prove  that  there  are  magnetic  fields  in 
the  neighborhood  of  sun  spots.  That  changes  in  the  terrestrial  mag- 
netic elements  and  solar  activity  are  in  some  manner  connected  has 
long  been  inferred  from  the  frequent,  nearly  coincident  appearance 
of  violent  magnetic  storms  following  the  central  transit  of  prominent 
sun  spots. 

We  pass  naturally,  then,  from  the  earth  to  the  sun,  to  us  the  most 
important  heavenly  body,  as  on  it  is  dependent  all  life  on  our  planet. 
Very  great  advances  have  been  made  in  recent  years  in  the  study  of 
the  constitution  of  our  luminary,  and  a  great  deal  of  attention  is  now 
being  paid  to  researches  in  this  most  important  branch  of  astronomy. 
The  International  Union  for  Cooperation  in  Solar.Research,  a  society, 
or  rather  group  of  societies,  which  was  organized  about  five  years  ago, 
and  which  embraces  the  workers  on  the  sun  in  all  civilized  countries, 
has  done  much  toward  unifying  and  rendering  effective  the  great 
amount  of  material  collected.  A  meeting  of  this  society,  which  I 
had  the  honor  and  privilege  of  attending  as  representing,  this  observ- 
atory and  also  our  Royal  Astronomical  Society,  was  held  last  sum- 
mer at  the  Mount  Wilson  Observatory,  at  which  many  important 
38734^—811 19U 17 
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questions  were  discussed  and  plans  for  future  work  outlined.  The 
work  of  the  union  is  carried  on  by  several  committees,  which  report 
at  the  triennial  meetings. 

Probably  the  most  important  action  taken  was  the  adoption  of  a 
new  system  of  wave  lengths  of  light.  The  system  in  use  for  the 
last  20  years  was  introduced  by  Rowland,  the  values  being  obtained 
from  measurements  of  spectara  made  with  concave  gratings.  This 
system  was  far  in  advance  of  previous  ones  and  was  for  a  long  time 
considered  practically  perfect.  More  recent  investigations  have 
shown,  however,  that  not  only  were  his  absolute  values  in  error, 
every  wave  length  being  too  great  by  about  1  part  in  30,000,  which 
is  not  a  matter  of  much  moment,  but  that  also— a  much  more  serious 
question — there  were  relative  errors  of  the  order  of  about  1  part  in 
100,000  among  the  different  lines.  These  errors,  due  to  unknown 
defects  in  the  gratings,  were  only  discovered  when  new  measure- 
ments were  made  by  a  different  method,  that  of  interference.  The 
new  primary  standard  was  first  determined  by  Michelson  in  1892  by 
actually  counting  the  number  of  waves  of  the  red  line  in  the  spec- 
trum of  cadmium  in  a  known  fractional  part  of  the  standard  meter. 
He  found  that  there  were  1,553,163.5  waves  in  a  meter,  equivalent 
to  a  wave  length  0.00064384722  mm.,  or,  as  it  is  usually  written^ 
6438.4722A.  This  value  has  more  recently  been  confirmed  by  Fabry 
and  Perot  and  is  accepted  as  the  primary  standard  of  the  new  sys- 
tem. Secondary  standards  are  composed  of  the  wave  lengths  of 
60  lines,  in  the  arc  spectrum  of  iron  between  >14282  and  >16496,  which 
have  been  independently  measured  by  interference  methods  by  three 
observers — Fabry  and  Buisson  at  Marseille,  Eversheim  at  Bonn,  and 
Pfund  at  Baltimore.  The  accordance  of  these  measures  is  so  good 
that  the  range  is  generally  less  than  one  part  in  a  million,  and  the 
mean  of  the  three  is  certainly  correct,  considerably  within  that 
margin  of  error.  From  these  secondary  standards  tertiary  standards 
are  to  be  obtained  by  interpolation  from  grating  spectra,  and  after 
these  tertiary  standards  have  been  obtained  new  measures  of  the 
wave  lengths  of  all  lines  in  solar  and  terrestrial  spectra  will  be 
required. 

The  importance  of  this  work  in  solar  and  stellar  investigations 
can  not  be  overestimated,  as  many  important  results  depend  on  the 
accuracy  of  wave-length  values,  and  incorrect  values  may  lead  to 
erroneous  conclusions.  This  is  an  instance  of  what  I  previously 
said  of  the  necessary  interrelation  of  astronomy  and  physics  and 
the  impossibility  of  successfuUy  attacking  modem  astronomical  prob- 
lemsj^thout  the  aid  of  the  alMed  sciences. 

One  of  the  important  conclusions  reached  by  the  committee  on 
sun  spots  was  the  practically  unchanging  character  of  sun-spot 
spectra.    To  this  may  be  added  the  fact,  conclusively  proved  by 
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Prof.  Hale,  that  the  umbra  of  son  spots  is  at  a  lower  temperature 
than  the  rest  of  the  sun's  surface,  and  that  in  sun  spots,  as  first 
found  by  Prof.  Fowler,  of  London,  we  have  the  spectra  of  some 
diemical  compounds,  such  as  titanium  oxide,  magnesium  and  cal* 
cium  hydride,  further  showing  that  the  temperature  is  sufficiently 
reduced  to  allow  the  formation  of  such  compounds,  ndiich  do  not 
appear  in  the  normal  solar  spectrum.  Again,  we  have  the  discovery 
of  Evershed,  of  Kodaikanal,  India,  of  radial  motions  of  the  vapors 
around  sun  spots,  and  the  final  discovery  by  Hale  that  many,  if 
not  all,  sun  spots  are  surrounded  by  whirls,  and  that  electrically 
charged  partides,  which,  it  has  been  further  shown,  are  negatively 
charged,  are  carried  around  by  these  whirls  and  produce  the  mag- 
netic field  which  is  shown  to  exist  around  sun  spots. 

At  the  high  temperature  of  the  sun,  magnetism  as  we  know  it 
can  not  exist,  and  the  field  must  be  produced  by  such  whirls  or 
vortices.  The  manner  in  which  the  magnetic  field  in  sun  spots  was 
detected  and  proved  is  a  splendid  example  of  experimentation  to 
test  sdentific  deductions  and  a  full  justification  of  the  expenditure 
on  the  powerful  apparatus  needed  for  such  work.  The  whirls  sur- 
roimding  sun  spots  are  shown  on  photographs  of  part  of  the  sun's 
surface  in  the  light  given  by  the  red  Une  of  hydrogen.  Such  pho- 
tographs are  made  by  the  spectroheliogtaph,  an  instrument  which 
enables  us  to  photograph  the  sun's  surface  in  the  light  of  different 
gases  or  vapors,  and  hence  records  the  distribution  of  these  vapors. 
The  great  resemblance  between  these  whirls  and  the  hnes  of  force 
around  a  magnet,  as  shown  by  iron  filings,  led  Prof.  Hale,  the  in- 
ventor of  the  spectroheliograph  and  the  discoverer  of  this  effect,  to 
suspect  the  presence  of  a  magnetic  field;  and  the  next  question  was 
to  verify  this  suspicion.  It  was  found  several  years  ago  by  Zeeman 
that  if  a  lunvmous  vapor  is  produced  between  the  poles  of  a  magnet, 
many  of  ^e  lines  of  its  spectrum  are  widened.  Prof.  Hale  found 
that  the  spectrum  of  a  sun  spot,  with  the  high  dispersion  available 
on  Mount  TVilson,  showed  some  of  the  same  Unes  widened,  strength- 
ening his  suspicion.  Furthermore,  when  the  widened  lines  produced 
by  a  magnetic  field  in  the  spectrum  of  a  luminous  vapor  are  examined 
through  a  polarizing  apparatus,  many  of  the  lines  are  split  up  into 
doublets,  triplets,  quadruplets,  or  even  sexUiplets;  and  a  similar  test 
applied  to  a  sun-spot  spectrum  gave  a  similar,  though  much  weaker, 
effect,  conclusively  proving  the  presence  of  a  magnetic  field.  Com- 
parison showed  tiiat  its  strength  was  about  one-quarter  of  that 
needed  to  saturate  iron,  too  weak  to  produce  any  magnetic  disturb- 
ance on  the  earth,  and  therefore  incapable  of  explaining  the  frequent 
eoincidence  of  magnetic  storms  and  large  sun  spots. 

The  fact  that  sun  spots  are  at  a  lower  temperature  than  the  rest  of 
the  j^otosphere  has  been  corroborated  by  Uie  work  of  Prof.  Abbot, 
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who,  in  his  determination  of  the  solar  constant  (the  amount  of  heat 
received  from  the  sun),  shows  that  this  is  1  or  2  per  cent  less  at  sun 
spot  majdmimi  than  at  minimum.  The  absolute  amount  of  the  sun's 
heat  at  the  surface  of  the  earth  is  1.9  calories,  which  may  be  more 
simply  stated  as  the  amount  of  heat  per  square  centimeter  which  will 
raise  1  cubic  centimeter  of  water  1.9^  C.  or  3.5^  F.  in  temperature  in 
one  minute,  if  the  atmospheric  absorption  is  neglected.  It  has  also 
been  proved  by  Prof.  Abbot  that  there  are  insular  variations  in  this 
quantity,  and  it  is  hoped  that  a  knowledge  of  these  variations  may  be 
of  value  in  helping  to  predict  temperature  and  meteorological  changes 
on  the  earth;  a  problem  whose  solution,  even  with  all  the  advances 
in  science,  seems  as  far  off  as  ever. 

Another  interesting  problem,  which  at  the. meeting  of  the  solar 
union  was  advanced  a  stage,  is  the  determination  of  the  solar  rota- 
tion by  the  displacement  of  the  spectral  lines  at  opposite  limbs  of  Uie 
Sim.  Owing  to  the  rotation  of  the  sun  on  its  axis  in  about  26  days,  one 
limb  approaches  and  the  other  limb  recedes  from  us,  with  a  velocity 
at  the  equator  of  about  2  kilometers  per  second.  If  Uie  spectra  of  the 
two  limbs  are  brought  side  by  side  on  the  plate,  the  lines  of  the  former 
will  be  displaced  to  the  violet,  of  the  latter  to  the  red;  and  with  a  high 
dispersion  spectrograph  this  displaC/Cment  will  be  quite  noticeable,  of 
the  order  of  one-tenth  of  a  miUimeter.  Some  work  has  been  done  on 
this  problem  by  Duner  at  Upsala  and  by  Halm  at  Edinburgh  visually, 
and  more  recently  by  Adams  at  Mount  Wilson  photographically. 
Besides  determining  the  rate,  and  the  law  of  decrease  of  rotation  with 
different  latitudes,  there  are  other  interesting  problems,  such  as 
variations  of  the  rate  for  lines  of  different  substances,  which  require 
solution.  A  combined  attack  by  six  institutions,  of  which  the 
Dominion  Observatory  is  one,  on  different  well-distributed  regions  of 
the  spectrum  has  been  arranged,  and,  in  addition,  eac^dMerver  is  to 
measure  a  common  region  for  comparison  of  reQul^jjp^wnoval  of 
systematic  error.  ''^^  ^ 

Besides  these  definite  advances,  much  other  work  in  the  distribu- 
tion of  the  gases  and  metallic  vapors  over  Uie  photosphere,  in  com- 
paring the  spectra  of  the  limb  and  center  of  the  sun  and  along  many 
other  lines,  has  been  recently  accomplished;  and  we  may  confidently 
look  for  rapid  development  and  increase  of  our  knowledge  of  the  con- 
stitution of  our  luminary  in  the  near  future. 

Although  the  study  of  the  sun  is  most  intimately  c<»mected  with 
that  of  t^e  stars,  which  was  recognized  at  the  solar  union  by  the 
appointment  of  a  committee  to  discuss  the  question  of  the  classifica- 
tion of  stellar  spectra,  yet  we  may  perhaps  turn  for  a  moment  to  the 
other  members  of  our  solar  system  and  see  if  any  new  light  has 
recently  been  thrown  upon  the  interesting  question  of  conditions  on 
other  planets.    The  perennial  question  of  the  objective  existence  of 
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the  fine  geometrical  markiiigs  on  Mars,  commonly  called  canals,  has 
been,  during  the  last  opposition  of  1909,  strenuously  and  ably  sup- 
ported by  Lowell  and  one  or  two  adherents,  and  equally  strenuously 
and  ably  combated  by  many  astronomers,  chief  among  whom  was 
Antoniadi.  As  is  well  known,  the  majority  of  astronomers  are  unable 
to  see  these  fine  sharp  lines,  although  plenty  of  other  detail  is  visible. 
During  the  last  opposition  photography  was  used  to  a  much  larger 
extent,  but  I  question  whether  it  has  settled  the  matter.  Lowell  says 
the  principal  canals  show  on  his  photographs,  while  others  are  unable 
to  see  them.  The  only  way  this  question  can  be  settled  is,  as  Aitken 
suggested,  for  Lowell  to  invite  some  well-known  observers,  such  as 
Barnard,  Bumham,  and  others,  to  Flagstaff  at  the  next  opposition 
and  let  the  whole  question  be  fought  out. 

Another  disputed  point  is  the  question  of  water  vapor  on  Mars. 
TTie  detection  of  this  water  vapor  depends  upon  the  visibility  of  a 
small  band  or  group  of  lines  in  the  red  end  of  the  spectrum  produced 
by  the  presence  of  water  vapor.  Slipher,  Lowell's  assistant,  photo- 
graphed the  spectrum  of  Mars  and  then  the  spectrum  of  the  moon. 
The  light  from  Mars,  which  is,  of  course,  reflected  sunlight,  passes 
twice  through  Mars'  atmosphere  and  then  through  the  earth's  atmos- 
phere. The  light  from  the  moon,  which  has  no  atmosphere,  passes 
through  the  earth's  atmosphere  only.  If  now  there  is  water  vapor 
in  appreciable  amount  in  the  atmosphere  of  Mars  this  band  should 
be  stronger  in  the  spectrum  of  Mars  than  in  that  of  the  moon.  Slipher 
foimd  that  it  was  stronger  in  the  Martian  spectrum,  but  unfortunately 
some  little  time  elapsed  between  the  two  exposures,  and  there  is  a 
possibility  that  the  greater  strength  of  the  band  was  due  to  change  in 
the  amount  of  water  vapor  in  the  earth's  atmosphere.  Director 
Campbell,  of  the  Lick  Observatory,  considered  the  question  of 
sufficient  importance  to  organize  an  expedition,  carryiog  instruments 
to  the  summit  of  Mount  Whitney,  elevation  14,500  feet,  at  which 
altitude  only  one-fifth  of  the  earth's  water  vapor  is  above  and  four- 
fifths  below.  Any  small  difference  between  the  moon  and  Mars 
bands  wUl  show  relatively  more  conspicuously  than  at  the  elevation 
of  Flagstaff,  which  is  about  7,000  feet.  His  photographs  were  made 
within  a  few  moments  of  one  another,  and  with  Mars  and  the  moon 
at  the  same  altitudes,  and  are,  hence,  directly  comparable.  I  saw 
them  myself  last  summer  at  Moimt  Wilson,  and  I  can  say  that  there 
18  no  discernible  difference  in  the  vapor  bands  in  the  two  spectra. 
The  bands  are  very  weak  and  evidendy  due  to  the  small  amount  of 
water  \capor  present  in  the  earth's  atmosphere  above  Mount  Whitney. 
Campbell  comes  to  the  conclusion  that  there  is  no  spectroscopic  evi- 
dence of  the  existence  of  water  vapor  on  the  planet.  Although  he 
specifically  states  that  he  does  not  contend  that  Mars  has  no  water 
vapor  he  says  that  it  is  too  slight  to  be  detected  by  the  spectroscopic 
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method  and  is  probably  considerably  less  in  quantity  than  that 
present  in  the  earth's  atmosphere  above  the  summit  of  Mount 
Whitney. 

The  question  of  the  suitability  of  Venus  for  organic  life  seems  to 
depend  upon  the  determination  of  its  rotation  period.  If,  as  is  now 
mostly  belieyed,  it  always  turns  the  same  face  to  the  sun  then  the 
one  side  will  be  baked  and  the  other  frozen.  If,  on  the  other  hand, 
it  turns  on  its  axis  in  about  24  hours,  then  it  is  practically  certain 
to  be  in  a  condition  to  support  life.  The  only  possible  test  between  the 
two  theories  is  the  spectroscopic  one,  as  in  the  solar  rotation,  by 
observing  the  line  shift  at  opposite  limbs.  In  this  case,  however, 
we  have  difficulties  owing  to  ^e  bad  seeing  at  the  comparatively  low 
altitude  of  Venus  and  the  diBturbance  of  the  image,  so  that  it  is  diffi- 
cult to  determine  in  what  rcigion  of  the  planet  the  spectra  were  made. 

The  advent  of  Bailey's  Comet  proved  possibly  as  disappointing  to 
astronomers  as  to  the  general  public,  for  it  did  not  sliow  many 
unusual  features,  and  not  much  additional  knowledge  concerning  the 
nature  of  comets  was  obtained.  T)ie  motion  of  a  detached  part  of  the 
tail,  as  determined  from  three  photographs  at  Williams  Bay,  Hono- 
lulu, and  Beirut,  showed  the  presence  of  an  accelerating  force,  as  its 
velocity  relative  to  the  head  increased  from  23  miles  to  37  miles  a 
second  in  seven  or  eight  lumrs.  To  my  mind  the  most  remarkable 
feature  of  its  return  was  the  accuracy  of  the  computation  so  succesa- 
fuUy  carried  through  by  Messrs.  Cowell  and  Crommelin,  in  which  they 
predicted  its  perihelion  passage  within  less  than  three  days.  When 
considered  in  connection  with  the  large  number  of  distiu*bing  ele- 
ments to  be  taken  into  account  and  the  exceedingly  complex  and 
cumbersome  calculations  required,  their  ephemeris  was  a  marvelous 
piece  of  work,  and  they  well  deserved  the  recognition  it  received. 

Before  discussing  some  of  the  advances  in  our  knowledge  of  the 
sidereal  universe  it  has  seemed  desirable  to  refer  to  the  improvements 
effected  in  apparatus  for  observation.  At  the  head  comes  naturally 
the  large  reflecting  telescope  with  a  mirror  of  60  inches  diameter, 
recently  installed  on  the  summit  of  Mount  Wilson,  California,  at  an 
elevation  of  5,886  feet.  This  telescope  was  designed  and  the  mirror 
was  figured  by  Prof.  G.  W.  Ritchey,  superintendent  of  instrument 
construction  of  the  Solar  Observatory,  who  also  is  doing  much  of 
the  photographic  work  with  the  telescope.  I  had  the  privilege  of 
carefully  examining  the  mechanism  and  of  observing  with  the  tele- 
scope, and  it  is  certainly  a  superb  instrument.  The  optical  proper- 
ties are  practically  perfect;  and  the  difficulty  of  temperature  changes, 
the  most  troublesome  met  with  in  reflectors,  has  been  successfully 
overcome.  The  mechanical  construction  is  also  unexcelled,  and  the 
instrument,  although  its  moving  parts  weigh  23  tons,  drives  with  the 
greatest  smoothness  and  ease.    The  most  magnificent  photographs 
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of  star  clusters  and  nebul»  ever  made  have  already  been  obtained 
with  the  instrument,  and  its  light  efficiency  in  spectrographic  work 
is  wonderful.  It  can  obtain  in  five  minutes  a  spectrum  of  a  fifth 
magnitude  star  that  requires  with  our  refractor  over  an  hour.  It  is 
no  wonder  that  such  an  instrument  excited  the  envy  of  all  astrono- 
mers who  saw  it,  and  Prof.  Ritchey  was  pardonably  proud  of  his 
masterpiece. 

We  turn  from  this  to,  comparatively  speaking,  a  rather  insignificant 
instrument,  for  measuring  the  brightness  of  the  stars.  The  subject 
of  stellar  photometry  has  always  been  a  difficult  one,  as  all  the 
photometers  hitherto  devised  have  depended  upon  eye  estimates 
or  comparisons  of  the  relative  brightness  of  the  star  with  either 
another  star  or  an  artificial  hght,  made  by  ingenious  devices  to 
resemble  and  be  brought  dose  beside  the  star  to  be  measured. 
There  is,  in  all  such  methods,  the  possibility  of  psychological  errors, 
and  it  has  not  been  possible  to  obtain,  except  in  special  cases,  results 
with  a  lower  probable  error  than  about  one-tenth  of  a  magnitude. 
Ia.the  case  of  the  comparison  of  two  stars  brought  into  the  one  field 
and  equalized  in  intensity  by  polarizing  apparatus,  the  probable  ' 
error  is,  perhaps,  as  low  as  three  or  four  hundredths  of  a  magnitude. 
In  another  method  also,  in  which  out-of-focus  images  of  the  stars  are 
photographed,  the  density  of  the  resulting  disks  have  then  to  be 
measured  by  a  photometer  and  we  have  errors  of  the  same  order. 
The  new  method,  however,  does  not  depend  on  eye  estimates  but  on 
the  change  in  electrical  resistance  of  the  element  selenium  when 
exposed  to  light.  If  a  selenium  cell  is  placed  on  the  end  of  a  telescope 
and  an  image  of  a  star  to  be  measured  thrown  on  it,  the  change  of 
resistance  can  be  measured  by  a  Wheatstone  bridge  arrangement  and 
very  accurate  values  of  the  brightness  obtained.  Prof.  Stebbins, 
who  has  been  working  with  much  ability  and  energy  on  this  problem 
for  the  last  three  years,  deserves  much  credit  for  his  success  in  a 
difficult  research.  He  has  recently  made  new  measures  of  the  light 
curve  of  the  well-known  variable  star  Algol,  and  the  probable  error 
of  a  determination  at  maximum  is  ±  .006  mag.,  at  minimum  db  -023 
mag.  The  accuracy  of  his  observations  enabled  him  to  detect  a 
secondary  minimum  which  had  never  before  been  seen  and  which 
indicates  that  the  companion  whose  eclipse  of  the  bright  star  causes 
the  variability  is  not  dark  but  light.  Taking  the  most  probable 
value  of  the  paraUax  or  distance  of  the  star,  he  finds  that  the  bright 
star,  which  has  about  the  same  diameter  as  the  sun,  gives  240  times 
as  much  light,  while  the  faint  hemisphere  of  the  companion  gives  16 
and  the  bright  hemisphere  28  times  the  light  of  the  sim. 

Such  results  as  these  are  most  interesting,  and  it  is  only  by  combi- 
nation of  several  different  methods,  in  this  case  of  the  light  variation 
by  a  photometer,  the  orbital  elements  by  the  spectroscope,  and  the 
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distance  by  parallax  measurementfi,  that  we  can  obtain  them,  and 
that  we  can  hope  to  increase  our  knowledge  of  stellar  systems. 
Another  interesting  variable  is  u  Herculis,  whose  orbital  elements 
were  determined  by  Schlesinger  at  Allegheny  from  radial  ydocity 
measurements  with  the  spectroscope.  He  &ids  that  the  brighter 
staip  is  about  6,000,000  miles  in  diameter — six  times  our  sun — ^is  7.5 
times  as  massiye  but  only  one  twenty-seventh  as  dense  as  the  sun. 
The  fainter  star  is  2.9  times  as  massive  but  only  one-seventieth  as 
dense.  The  parallax  of  this  star  is  not  known,  but  if  it  is  as  luminous 
as  Algol  the  brighter  star  must  give  out  about  8,000  times  as  much 
light  as  the  sun. 

There  has  been  a  veiy  marked  advance  in  recent  years  in  stellar 
spectroscopy,  particularly  in  the  line  of  the  determination  of  the 
radial  velocities  of  the  brighter  stars,  and  several  observatories  are 
now  engaged  in  this  work.  Accurate  radial  velocity  measures  were 
first  obtained  by  Prof.  Campbell  at  the  lick  Observatory  in  1896  or 
1897,  and  for  many  years  he  was  practically  the  only  one  doing  that 
work.  Campbell's  work  has  been  the  determination  of  the  radial 
velocity  of  all  stars  in  the  sky,  containing  spectra  with  well  measur- 
able lines,  which  are  bri^ter  than  the  fifth  visual  magnitude.  This 
work  is  now  practically  completed,  and  a  preliminaiy  value  of  the 
direction  and  magnitude  of  the  sun's  motion  in  space,  with  numerous 
other  interesting  and  valuable  deductions,  are  just  being  published. 

In  his  work  and  that  of  Frost,  of  the  Yorkes  Observatory,  who 
is  measuring  the  radial  velocities  of  Orion  type  stars,  many  spec- 
troscopic binaries — stars  whose  radial  motion  varies,  and  which  are 
hence  accompanied  by  invisible  companions,  as  distinguished  from 
visual  binaries  where  both  stars  are  seen — ^have  been  discovered, 
and  it  is  believed  that  not  fewer  than  one  in  three  of  all  stars  must 
have  a  companion  of  approximately  the  same  size,  thus  eliminating 
in  these  cases  all  possibility  of  a  planetary  system  like  our  own. 
Great  advances  have  been  made  in  determining  the  orbits,  the  char- 
acter of  the  motion  around  one  another,  of  these  binaries,  and  the 
two  institutions  most  active  in  this  line  of  work  are  the  All^heny 
and  the  Dominion  Observatories.  Of  the  70  spectroscopic  binaiy 
orbits  detennined,  our  observatory  has  obtained  16,  which,  con- 
sidering that  the  aperture  of  its  telescope  is  only  half  or  less  that 
of  others  engaged  in  the  work  and  that  it  has  been  established  only 
a  comparatively  short  time,  is  a  creditable  showing.  The  great 
strides  made  in  the  determination  of  spectroscopic  binaiy  orbits 
has  led  to  no  less  than  three  summaries  of  the  results,  containing 
deductions  of  important  conclusions  from  them,  by  Oampbell, 
Schlesinger,  and  Ludendorff.  I  have  not  time  to  enter  into  the 
restdts  deduced  from  these  discussions  except  to  say  that  it  was 
shown  that  most  binaiy  systems  probably  originate  fron^  a  revolving 
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parent  nebula  which,  while  condensing,  separates  into  two  masses, 
and  that  these  masses,  as  condensation  proceeds,  and  by  the  influ- 
ence of  tidal  action,  gradually  increase  their  distance  from  one 
another,  this  being  accompanied,  of  course,  by  an  increase  in  the 
period  and  also,  as  the  results  show,  by  an  increase  in  the  eccen- 
tricity— a  greater  departure  from  the  circular  form — of  their  orbits. 
There  is  no  sharp  line  of  distinction  between  spectroscopic  and  visual 
binary  orbits  except  that  the  latter  have  much  longer  periods  and 
generally  higher  eccentricities. 

The  infonnation  already  obtained,  and  that  which  will  in  the  near 
future  be  obtained,  about  these  spectroscopic  binary  systems,  has  a 
most  important  bearing  on  the  ph)blem  of  the  constitution  of  the 
sidereal  universe,  and  we  must  now  come  to  consider  recent  progress 
in  our  knowledge  of  the  extent  and  form  and  motion  of  its  parts. 
This  is  certainly  the  most  important  problem  in  astronomy,  as  practi- 
cally all  observing  data,  whether  astrometrical  or  astrophysical, 
whether  dealing  with  the  absolute  positions,  proper  motions,  and 
radial  velocities  of  the  stars,  with  their  distances,  dimensions,  and 
densities,  with  their  evolution  and  spectral  type,  or  with  the  investi- 
gation of  variables  and  binary  systems,  are  all  either  directly  or 
indirectly  obtained  with  this  end  in  view  and  all  are,  undoubtedly, 
directly  of  use  in  its  solution.  As  I  said  in  the  early  part  of  the 
paper,  there  has  been  no  time  when  so  many  different  investigations 
were  converging  toward  this  end,  and  I  will  try  and  give  you  some 
details  of  the  principal  results. 

One  of  the  most  striking  of  recent  advances  has  been  the  discovery 
of  star  drifts  and  star  streams  in  the  sidereal  imiverse.  These  have 
been  discovered  by  statistical  methods  appUed  in  the  discussion  of 
the  absolute  positions  and  proper  motions  of  stars  and  also  by  the 
aid  of  their  radial  velocities.  The  one  man  to  whom  we  owe  more 
than  any  other  the  development  of  this  work  is  Prof.  Kaptejm,  who 
is  director  of  what  is  called  the  astronomical  laboratory  of  Groningen, 
where  the  instruments  of  research  are  not  telescopes  and  spectro- 
scopes but  measuring  machines  and  mathematical  tables,  where  no 
observations  are  taken  but  photographs  are  measured  and  observa- 
tions discussed.  I  will  try  and  give  you  a  general  idea  of  the  present 
state  of  our  knowledge  in  regard  to  the  motions  of  the  stars.  Although 
we  call  them  the  fixed  stars  the  term  is  a  misnomer,  for  they  are  all 
in  motion.  We  can  measure  this  motion  in  two  components.  First, 
the  motion  at  right  angles  to  the  line  of  sight,  across  the  sky,  deter- 
mined from  successive  observations  of  the  star's  position  in  the  sky 
and  measured  by  the  change  of  position  in  seconds  of  arc  in  a  year  or 
a  century.  The  change  of  position  varies  between  about  9"  per 
year  and  0;  the  average  armual  proper  motion,  as  it  is  called,  for 
first  magnitude  stars  being  V  and  for  sixth  magriitude  about  1*5" 
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or  4^'  per  century.  Second,  the  motion  in  the  line  ci  saght,  or  radial 
Telocity,  measured  by  the  spectroscope,  which  again  varies  between 

0  and  about  250  kilometers  per  second,  Uie  velocity  of  a  faint  star 
in  the  Southern  Hemisphere  determined  last  year.  It  is  evid^it  that 
in  order  to  get  the  true  direction  and  velocity  of  a  star  we  must 
know,  in  addition  to  its  radial  motion,  its  velocity  in  kilometers  per 
second  at  right  angles  to  the  line  of  si^t.  If  its  proper  motion  is 
known  this  can  be  readily  computed  when  we  know  its  distance, 
and  hence  we  can  obtain  the  direction  and  magnitude  of  its  motioiL 

In  determining  these  motions  we  have  to  remember  that  we  are 
on  a  moving  body,  the  earth,  which  has  a  velocity  of  revdution 
around  the  sun  of  about  20  miles  per  second,  and  we  must  also 
remember  that  the  sun,  which  is  one  of  the  stars,  is  also  in  motion.* 
That  this  is  the  case  has  long  been  recognized,  and  the  direction  <^ 
this  motion  was  determined  from  the  proper  motions  of  the  stars  I^ 
Sir  William  Herschel  over  100  years  ago.  The  method  of  doing  this 
can  be  readily  understood,  for  if  we  imagine  the  stars  to  be  moving 
in  all  directions  at  random,  it  is,  nevertheless,  evident  that  in  the 
portion  of  the  sky  which  we  are  approaching,  the  general  tendency 
will  be  for  them  to  open  out,  while  they  will  tend  to  close  in  in  tJie 
opposite  direction,  and  to  drift  backward  at  the  sides.  Hence,  if  the 
motion  of  the  stars  is  at  random,  it  is  only  a  question  of  mathematics 
to  determine  the  direction  and  magnitude  of  the  sun's  motion  in 
space. 

Over  20  different  determinations,  based  upon  the  proper  mo- 
tions of  different  nimibers  of  stars,  have  been  worked  out,  which 
all  agree  reasonably  well  in  showing  the  sun  to  be  moving  toward  the 
dividing  line  between  Lyra  and  Hercules  just  a  little  south  and  east 
of  the  bright  star  Vega.  This  point  has  shifted  around  considerably 
between  Hercules  and  Lyra,  but  the  last  determination,  from  Boss's 
Preliminaiy  General  Catalogue,  issued  only  last  year,  places  it  where 

1  have  just  stated  (R.  A.  270.6^  Dec.  +34.3"*). 

If  we  consider,  on  the  other  hand,  a  determination  of  the  apex  of 
the  sun's  way,  as  this  point  is  called,  derived  from  the  radial  velocitieB 
of  stars,  we  find  it  to  be  in  a  somewhat  different  position.  We  have 
had  three  or  four  determinations  of  the  solar  apex  from  radial  velocity 
measures;  but  none  of  these  need  be  considered  here  except  that 
obtained  last  year  by  Prof.  Campbell,  director  of  the  lick  Observa- 
tory, the  pioneer  and  foremost  exponent  of  accurate  radial  velocity 
determinations,  whose  methods  have  been  universally  followed  and 
their  accuracy  never  excelled.  I  place  the  results  of  his  14  years' 
work  as  the  most  important  astronomical  result  announced  during 
the  year.  In  determining  the  velocity  and  direction  of  the  sun's 
motion,  the  radial  velocities  of  1,073  stars  brighter  than  the  fifth 
magnitude,  well  distributed  over  the  sky,  were  used,  1,020  of  which 
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wefte  determined  by  spectrogr^ihs  at  Lick  and  Santiago,  40  were 
obtained  from  other  obeenrationa  and  13  were  of  nebukd  visually 
obfierved  by  Eeeler.  The  position  of  the  apex,  or  point  toward 
which  the  son  is  moving,  is  somewhere,  about  7^  south  of  that  obtained 
from  the  proper  motions  of  the  stars  (R.  A.  272^  ±  2.5^  Dec.  27.5^ 
±3""),  neariy  10^  due  south  of  Vega. 

Of  the  two  determinati<His,  the  one  obtained  from  a  discussion 
of  the  proper  motions  is  of  the  greater  weight,  for  two  reasons — first, 
the  method  is  more  suitable  for  determining  direction;  second,  the 
number  of  stars  employed  is  considerably  greater. 

On  the  other  hand,  the  discussion  of  radial  velocities  gives  us  a 

much  more  reliable  value  of  the  velocity  of  the  solar  system  than 

proper  motions.    The  velocity  from  Campbell's  discussion  comes  out 

as  17.77  kilometers  (11  miles  per  second),  and  this  is  undoubtedly 

.  very  near  the  truth. 

Many  other  interesting  conclusions  were  reached  by  Campbell,  but 
time  will  not  p^init  me  to  dwell  on  them,  and  we  must  consider 
further  the  question  of  motion  of  the  stars. 

It  is  evident  that  if  a  comparison  of  the  motions  of  the  stars  shows  the 
sun  to  be  moving  toward  Vega,  then  the  apparent  motions  of  the  stars 
themselves  must,  on  the  whole,  be  to  a  point  on  the  celestial  sphere 
directly  opposite.  Such  a  motion  of  the  stars,  made  up  not  of 
motions  all  in  the  one  direction,  but  of  motions  in  all  directions  with  a 
preponderance  in  one  direction,  is  called  a  drift  of  the  stars ;  and  there 
is  thus  a  drift  of  the  stars  due  to  the  solar  motion  toward  or  having 
as  apex  a  point  in  the  Southern  Hemisphere  nearly  opposite  Vega, 
with  a  velocity  of  about  11  miles  per  second. 

About  five  years  ago  Eapteyn,  from  a  careful  examination  and  dis- 
cussion of  the  proper  motions  of  the  Bradley  stars,  came  to  the  con- 
clusion that  there  is  not  one  drift  of  stars,  that  due  to  the  solar  motion, 
but  two  drifts,  moving  in  different  directions.  This  conclusion  has 
been  confirmed  by  Eddington,  Dyson,  Hough,  and  Halm,  and  the  latest 
values  by  Eddii^gton  from  the  proper  motions  of  Boss's  Catalogue 
place  the  apexes  of  these  two  drifts  as  follows:  Drift  I  toward  the 
constellation  L^us  between  Canis  Major  and  Orion,  about  10^  west 
of  arius  (E.  A.  90.8^,  Dec.- 14.6^;  drift  II  toward  the  southern 
constellation  Pavo  or  away  from  the  northern  constellation  Camelo- 
pardalis  (R.  A.  287.8^  Dec.  -  64.1"*).  He  finds  that  drift  I  is  moving 
apparently  nearly  twice  as  fast  as  drift  H  and  contains  about  60  per 
cent  of  the  stars. 

When,  however,  allowance  is  made  for  the  solar  motion  we  find  that 
these  two  drifts  are  moving,  one  toward  the  constellation  Orion  about 
8"*  northeast  of  a  Orionis  ^telgeux),  R.  A.  94.2*^,  Dec. +  11.9'',  and 
the  other  in  the  opposite  direction;  exactiy  as  if  we  were  in  the  midst 
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of  two  sideoreal  sjrstems  interpenetrating  one  another — a  reiy  fas* 
cinating  hypothesis. 

This  hypothesis  of  the  two  drifts  deduced  from  a  discussion  of  the 
proper  motions  of  the  stars  is  strongly  confirmed  by  Campbell's  inves- 
tigation of  the  radial  yelocities.  We  should  expect,  if  tiiere  are  two 
drifts  of  stars  toward  and  from  this  point  in  Orion,  that  the  radial 
velocities  of  stars  in  this  and  the  opposite  point  of  the  sky  should  be 
greater  than  at  points  at  right  angles  to  these  directions.  Campbell 
found  that  the  velocities  in  the  vertex  and  antivertex  are  33  per  cent 
greater  th^m  at  points  about  90^  from  these. 

Besides  the  two  drifts  of  stars  we  have  smaller  groups  of  stars  in 
different  regions  of  the  sky,  all  the  stars  in  a  group  having  a  motion 
approximately  in  the  same  direction  and  of  the  same  velocity.  Such 
groups  are  quite  different  from  drifts  where  there  is  only  a  pre- 
ponderance of  motion  in  one  direction,  and  are  called  star  streams. 
Perhaps  an  analogy  may  help  to  make  the  matter  of  star  drifts,  star 
streams,  and  solar  motion  clearer.  If  you  imagine  yourself  walking  in 
a  park  where  there  are  many  people  moving  about  at  random  it  is  evi- 
dent that,  speaking  g^ierally,  the  space  between  those  you  are  approach- 
ing opens  out,  between  those  you  are  moving  away  from  closes  in^ 
while  people  at  either  side,  on  the  whole,  appear  to  move  backward. 
The  apparent  motion  of  the  mass  due  to  your  own  motion  is  analogous 
to  the  star  drift  due  to  the  solar  motion.  If  among  the  people  l^ere 
are,  say,  a  company  of  soldiers  or  a  picnic  party  moving  in  a  given 
direction  we  have  an  analogue  of  a  star  stream. 

It  was  first  pointed  out  by  R.  A.  Proctor,  about  40  years  ago,  that 
five  of  the  stars  of  the  Dipper  have  proper  motions  in  the  same  direc- 
tion and  of  approximately  the  same  magnitude;  and  this  stream  has 
within  the  last  two  years  be^i  thoroughly  investigated  by  Luden- 
dorff,  of  Potsdam,  who  determined  their  radial  velocities,  and  more 
recentiy  by  Herzsprung,  who  found  that  the  stars  Sinus  and  a  Coron» 
Borealis,  as  well  as  some  fainter  stars,  also  belong  to  the  group.  It  is 
a  comparatively  simple  problem  mathematically  to  determine  the 
mean  parallax  or  distance  of  such  a  stream  when  we  know  the  con- 
vergent point  or  apex  and  the  proper  motions  of  the  group  with  the 
radial  velocities  of  two  or  three  of  them.  The  parallax  of  the  five 
stars  of  the  Dipper  comes  out  as  .0352^',  which  is  equivai^it  to  a  light 
journey  of  about  90  years,  while  they  are  all  moving  at  a  velocity  of 
20  kilometers  per  second  toward  a  point  in  the  southern  part  of  the 
constellation  Sagittarius  (a-303.2'',  *-  -36.6®).  It  is  shown 
further  that  the  stars  of  this  group  are  at  the  same  order  of  distance 
apart  as  the  sun  is  from  some  of  the  nearest  stars — about  20  or  30 
light  years — and  that  they  are  about  100  times  as  bright  as  the  sim. 

Another  group  or  star  stream  has  recentiy  been  found  in  the  con- 
stellation Taurus  by  Prof.  Boss,  consisting  of  39  stars,  forming  a 
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lOQ^lj  lobular  cluster  about  15^  in  diametw.  These  stais  are  all 
moYing  with  a  velocity  of  about  40  kilometers  (25  miles)  per  second 
toward  a  point  in  the  northeastern  part  of  Orion,  about  35^  from  the 
center  of  the  group.  Their  parallax,  computed  as  before,  is  0.025'', 
or  130  li^t  years  distant.  Boss  has  calculated  that  in  65,000,000 
years  they  will  form  a  globular  cluster  about  21'  in  diameter  and  of 
magnitudes  9  to  12. 

The  most  recent  discoveries  in  star  streams  were  given  by  Prof. 
Kapteyn,  at  the  solar  union  meeting,  on  Mount  Wilson,  last  August. 
He  has  f oimd,  by  selecting  from  Boss's  Catalogue  aU  the  stars  of  the 
Orion  type  characterized  by  the  appearance  of  heUum  lines  in  their 
spectrum  and  so  called  since  most  of  the  stars  in  the  constellation  of 
Orion  are  of  this  class,  that  in  a  large  region  of  the  sky  they  are 
moving  in  nearly  the  same  direction  and  at  nearly  the  same  rate. 
This  rogion  contains  the  constellation  Scorpio  and  Centaun»,  cover- 
ing 4,500  square  degrees  and  extending  roughly  from  12^^  to  18^  R.  A. 
to  and  from  Dec  0^  to  —60^.  In  another  region  of  1,300  square 
degrees  in  Perseus  from  2*^  50°^  to  4*^  30"*  R.  A.  and  from  +15^  to 
+55^  in  Dec.,  all  the  stars  of  the  same  type  are  moving  in  a  different 
direction.  When  motion  of  the  sun  among  the  stars  is  allowed  for, 
Prof.  Kapteyn  finds  that  these  apparent  motions  are  equivalent  to 
streams  moving  in  exactly  opposite  directions  and  at  equal  rates. 
He  finds  these  stars  are  very  distant  from  the  sun — ^from  about  126 
to  500  light  years. 

It  is  evident  that  the  sidereal  imiverse  is  a  complex  structure 
and  having  complex  drifts  and  motions  of  stars  and  systems  of  stars 
in  its  part.  We  may  be  able  to  get  a  further  idea  of  the  magnitude 
of  the  problem  by  considering  some  of  the  recent  results  obtained 
for  stellar  distances.  We  all  know,  of  course,  that  the  nearest  fixed 
star,  a  Centauri,  is  slightly  over  4  light  years  distant,  about  275,000 
times  the  distance  of  the  earth  from  the  sun,  25  millions  of  millions  of 
miles.  There  has  been  a  very  marked  advance  in  recent  years  in  the 
determination  of  the  distances  of  the  stars,  so  that  we  now  know  with 
reasonable  accuracy  by  direct  methods  the  parallax  or  distance  of 
about  200  stars.  There  are  several  indirect  methods,  one  of  which 
has  been  mentioned  in  connection  with  star  streams,  which  give  us 
what  may  be  called  mean  or  average  parallaxes  of  groups  of  stars. 
I  have  not  time  to  go  into  these  methods,  but  it  may  suffice  to  give 
a  couple  of  tables  indicating  in  a  general  way  the  average  distances 
of  stars  of  different  magnitudes  and  of  different  types.  If  we  take 
the  blue  stars,  those  of  the  second  magnitude  are  on  the  average  100; 
of  the  fourth,  200;  of  the  sixth,  400 ;  of  the  eighth,  800;  of  the  tenth, 
1,600;  and  so  on,  light  years' away,  doubling  for  a  change  of  2  mag- 
nitudes, while  if  we  consider  stars  of  different  types  we  have  from  a 
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recent  paper  of  Kaptejn's  that  the  average  distance  of  fifth  magni- 
tude stars  is  for  the  helium  stars  500  light  years;  for  the  hydrogen, 
300;  for  the  solar,  130;  for  the  late  solar  or  fluted  spectra,  270;  and 
for  the  carbon  or  deep  red  stars,  4,500  light  years. 

Recent  spectroscopic  studies  of  some  of  the  nebulse  have  indicated, 
from  the  fact  that  their  spectra  are  somewhat  similar  to  our  sun, 
that  they  are  probably  composed  principally  of  solar  type  stais.  If 
we  consider  the  Great  Nebula  in  And]x>meda,  which  is  a  typical 
example,  we  are  forced  to  the  conclusion,  if  such  is  the  case,  that  it 
must  be  thousands  of  light  years  distant  and  probaUy  forms  a  uni- 
verse by  itself.  Indeed,  it  is  practically  certain  that  the  lobular 
clusters,  like  that  in  Hercules,  which  some  of  you  have  seen  through 
the  telescope,  are  compact  aggregations  of  stars  whose  average  dis- 
tances from  one  another  are  of  the  same  order  as  the  distances  of  our 
sun  from  the  nearer  stars,  say  5  to  20  light  years,  and,  in  that  case, 
the  clusters  are  of  the  order  of  10,000  li^t  years  distant  from  us. 

It  is  quite  certain  then  that  the  visible  sidereal  universe  is  of  almost 
inconceivable  dimensions  and  of  a  structure  so  complex  that,  although 
we  are  gradually  obtaining  a  knowledge  of  some  of  the  motions  and 
some  idea  of  its  form  and  arrangements  in  part,  we  are  yet  far  from 
any  clear  notion  of  its  constitution.  Yet  when  we  consider  how  the 
human  mind,  though  inhabiting  for  only  a  few  years  this  minute 
planet,  accompanying  a  comparatively  insignificant  star  of  the  sys- 
tem, has  been  able  to  reach  out  to  the  inconceivable  depths  of  space 
and  reduce  some  of  the  confusion  of  stars  to  orderly  systems,  has 
been  able  to  deduce  the  laws  which  govern  these  systems,  thus  unify- 
ing, in  a  c^*tain  degree,  all  the  wonderful  phenomena  of  suns  and 
planets,  comets,  stars,  nebulse  and  dusters,  into  one  whole,  we  do 
not  lose  hope  that  eventually  it  will  be  able  to  much  further  unravel 
the  mystery  of  the  universe. 
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ByJ.  Jolt,  F.R.S. 


The  recent  contributions  to  the  data  bearing  on  the  subject  of  the 
age  of  the  earth  have  strengthened  the  evidence  derived  by  two  very- 
different  methods  of  computation;  that  based  on  the  study  of  solvent 
denudation  and  that  based  on  the  acciunulation  of  radioactive  waste 
products  in  minerals.  While  the  indications  of  both  lines  of  inquiiy 
seem  individually  rendered  more  definite  by  these  advances,  the  diver- 
gence in  their  final  results  have,  if  anything,  become  intensified.  I 
propose  in  the  following  pages  to  review  the  opposing  methods,  as 
briefly  as  the  many  details  permit,  and  to  discuss  the  possibility  of 
reconciliation. 

THE  AGE  or  THE  OCEAN  DEBIVED  FROM  SOLVENT  DENUDATION. 

Three  recent  contributions  to  this  subject  have  appeared:  Prof. 
Sollas's  Presidential  Address  to  the  Geological  Society  of  London, 
1909 ;  a  paper  on  "A  preliminary  study  of  chemical  denudation, "  by 
P.  W.  Garke  (Smithsonian  Miscellaneous  Collections,  vol.  66,  June, 
1910) ;  and  a  paper  by  G.  F.  Becker  on  "The  age  of  the  earth "  (Smith, 
sonian  Miscellaneous  Collections,  vol.  56,  Jime,  1910). 

These  recent  discussions  chiefly  center  round  the  ascertainment  of 
the  true  present  rate  of  supply  of  sodium  to  the  ocean.  The  limita- 
tions of  the  method  are  also  discussed. 

My  own  original  estimate  of  the  age  of  the  ocean '  was  based  on  the 
only  data  then  available — the  estimates  made  by  Sir  John  Miuray  of 
the  average  chemical  composition  of  river  water  and  the  probable 
total  annual  discharge  of  the  rivers  into  the  ocean.  Calculating  from 
its  estimated  volume  and  mean  chemical  composition  the  mass  of 
sodium  now  in  the  ocean,  and  dividing  this  by  the  calculated  amount 
of  sodium  entering  annually  from  the  rivers,  the  imcorrected  age  of 
99.4  million  years  was  obtained.  To  this  I  applied  certain  corrections, 
to  some  of  which  I  shall  refer  later.  The  final  result  of  these  correc- 
tions left  the  age  as  from  80  to  90  million  years. 

1  Reprtnted  by  penxiissioii,  after  levlston  by  the  author,  from  the  PhUosophicfa  Magazine,  London, 
a  6,  T(d.  22,  No.  122,  September,  lOU,  pp.  368-370. 
•  Tmis.  Boy .  DabUn  Soo.,  TOL  7,  lara. 
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Prof.  SoUas  approaches  the  question  by  a  recalculation  of  the 
average  amount  of  sodium  discharged  by  the  rivers  annually.  He 
finds  that  the  added  results  available,  as  derived  from  the  rivers  of 
North  and  South  America  and  Europe,  give  the  uncorrected  age  as 
78  million  years.  After  a  careful  and  detailed  discussion  of  the  correc- 
tions, SoUas  concludes  that  the  age  lies  between  80  and  150  million 
years;  the  latter  figure  being  based  on  extreme  assimiptions. 

Clarke  bases  his  discussion  of  the  question  upon  what  he  terms  the 
denudation  factor,  i.  e.,  the  number  of  metric  tons  annually  removed 
in  solution  from  a  square  mile  of  drainage  area.  This  is  estimated  for 
a  number  of  important  rivers  of  the  world,  accounting  in  this  way  for 
a  drainage  area  of  28  millions  of  square  miles  out  of  the  total  of  about 
40  millions  which  drain  to  the  ocean.  The  mean  value  found  for  the 
denudation  factor  is  68.4  tons.  Assuming  that  this  denudation  factor 
is  a  fair  average  for  tiie  whole,  the  entire  matter  in  solution  discharged 
into  the  dcean  in  a  year  is  2,735  millions  of  tons.  From  the  chemical 
analyses  of  this  saline  matter  for  the  several  rivers,  an  average  com- 
position for  each  continent  is  foimd.  When  this  is  weighted  for  the 
quantity  of  water  contributed  by  each  continent,  a  final  weighted 
mean  composition  is  obtained  which  may  be  applied  to  determining 
the  integral  of  the  sodium  passing  annually  from  rivers  to  ocean.  In 
this  way  it  is  found  that  175,040,000  metric  tons  of  sodium  are  annu- 
ally discharged  into  the  sea.  Clarke  next  finds  the  total  amcomt  of 
sodium  in  the  ocean  to  be  14,130X10"  tons.  My  own  results  were 
based  on  a  slightly  higher  value — 15,611X10"  tons.  From  his  fig- 
ures, Clarke  now  gets  the  uncorrected  age  as  80,726,000  years. 

Although  the  numerous  analyses  which  go  to  build  up  this  result 
are  not  of  equal  value,  there  are  certain  satisfactory  featiu'es  in  the 
computation. 

It  is  explained  by  Clarke  that  in  the  wonderfully  detailed  analyses 
of  the  Mississippi  by  Dole  and  Stabler,  taken  along  with  their  work 
on  other  great  rivers  of  North  America  and  with  the  observations  of 
Forbes  and  Skinner  for  Colorado,  data  have  been  obtained  for  the 
United  States  which  are  not  likely  to  be  much  altered  by  any  future 
analyses.  Twenty-two  river  basins  enter  into  the  mean  for  the 
United  States,  giving  a  mean  denudation  factor  of  79  tons.  For  the 
rest  of  North  America  an  estimate  only  is  possible;  but,  fqr  reasons 
given,  Clarke  concludes  that  ''if  we  assume  that  6  millions  of  square 
miles  of  North  America  lose  79  metric  tons  in  solution  per  square 
mile  per  annum,  and  that  the  composition  of  the  saline  matter  so 
transported  is  that  found  for  the  United  States  alone,  we  shall  not  be 
very  far  from  the  truth."  Possessing  thus  a  standard  based  on  the 
drainage  of  a  great  continent,  we  feel  confidence  in  our  criticism  of 
other  data.    The  quantity  of  water  thus  dealt  with  is  rather  more 
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than  one-fonrih  of  that  supplied  by  the  entire  drainage  areas  of  the 
earth. 

It  will  be  seen  from  the  tables  giyen  bj  Clarke  that  the  mean 
denudation  factor  of  68.4  tons  is  in  good  agreement  with  the  stand- 
ard result  from  North  America,  nor  is  it  rery  largely  departed  from 
by  the  factors  derived  from  other  continents. 

There  can,  I  think,  be  little  doubt  that  the  restdts  arrived  at  by 
Clarke  and  SoUas  are  not  likely  to  be  smously  disturbed  in  the 
future.  It  is  most  improbable  tiiat  they  require  amendment  to  the 
extent  of  50  per  cent.  This  being  so,  we  conclude  that  the  uncor- 
rected estimates  of  the  age  of  the  ocean  as  based  on  solvent  denuda- 
tion is  of  the  order  of  100  million  years.  It  remains  now  to  consider 
the  legitimate  corrections  to  be  applied  to  this  figure. 

At  the  present  moment  the  most  important  aspect  of  this  method 
of  evaluating  the  age  of  the  ocean  is  involved  in  its  d^ree  of  relia- 
biUty  as  affording  a  Tnaxiinum  value  of  the  time  elapsed  since  solvent 
denudation  began.    This  point  I  shall  ther^ore  specially  consider. 

The  errors  affecting  the  crude  result  found  by  dividing  the  sodium 
of  the  ocean  by  the  annual  river  supply,  and  tending  to  make  this 
estimate  too  small,  are: 

(a)  Underestimation  of  the  sodium  now  in  the  ocean. 

db)  Neglect  of  sodium  which  at  some  period  in  the  past  may  have 
been  in  the  ocean,  but  is  now  removed  from  it. 

(e)  Overestimation  of  the  legitimate  river  supply  of  sodium. 

(d)  Decreased  river  supply  of  sodium  in  the  past. 

Of  these  possible  sources  of  error  (a)  may  be  at  once  dismissekl. 
The  average  depth  and  area  of  the  ocean  and  its  average  chemical 
composition  are  sufficiently  well  known  to  preclude  the  possibility 
of  any  serious  error. 

In  considering  (Jb)  it  is  necessary  to  bear  in  mind  the  magnitude  of 
the  quantities  involved.  The  saline  matter  in  the  ocean  would  rep- 
resent a  volume  of  over  4,800,000  cubic  miles  on  Clarke's  estimation. 
I  have  formerly  pointed  out  that  the  rock  salt  alone  would  suffice  to 
cover  the  land  area  of  the  globe  to  a  depth  of  123  meters.  In  com- 
parison with  quantities  so  vast  all  the  salt  deposits  known  sink  into 
insignificance;  nor  is  it  likely  that  deposits  adequate  to  enter  into 
consideration  exist. 

The  errors  referred  to  in  (c)  must  be  of  the  nature  of  cyclic  sodium — 
that  is,  sodium  which  circulates  from  the  sea  to  the  land  and  back 
through  the  rivers  to  the  ocean.  Cyclic  sodium  exists  in  the  form 
of  wind-borne  spray,  which,  descending  on  the  land  with  the  rainfall, 
augments  that  which  is  truly  derived  by  denudation.  In  arid 
regions  it  may  settle  as  dust,  to  be,  under  special  circumstances, 
washed  ultimately  into  the  sea.  Agasn^  tiie  so<yxBn  which  the  rivers 
88734*-^  mi — a 


Digitized  by  CjOOQIC 


274  AKirCJAL  EEPOBT  SinTHSOlOAN  IKSTITUTION,  IML 

may  deriye  from  the  andent  salt  deposits  wbich  have  beeoi  impounded 
from  the  sea  is  cyclic. 

The  iofluence  of  wind-borne  sodium  has  been  fully  discussed  by 
Sollas,  Clarke,  and  Becker.  There  can  be  no  doubt  that  it  ia  rela- 
tively unimportant.  My  own  original  correction  was  10  per  cent  of 
the  river  supply.  Becker,  by  examining  typical  cross  sections  of  the 
isochlors,  determined  for  the  rainfall  of  western  North  America  by 
the  United  States  Geological  Survey,  finds  that  an  allowance  of  6 
per  cent  is  sufficient.  Sollas  shows  that  these  isochlors  iadicate  that 
but  a  small  fraction  of  the  sodium  chloride  of  the  American  rivers 
can  be  referred  to  this  source.  Qai^e,  by  a  somewhat  different  line 
of  attack,  concludes  that  a  correction  of  7  per  cent  on  the  sodium 
conveyed  by  the  rivers  of  the  United  States  is  a  maximum  allowance. 
Garke  further  considers  that  a  correction  for  sodium  chloride  carried 
as  diy  dust  is  unnecessary. 

In  a  paper  contributed  by  me  to  the  Geological  Magazine  (May, 
1900)  I  considered  the  possibility  of  oceanic  sodium  existing  dissemi- 
nated in  the  sedimentary  rocks.  Such  sodium  would  be  of  course 
^clic.  It  was  easy  to  show  that,  even  on  excessive  estimates  of  the 
occluded  sodium  chloride  in  such  rocks,  taken  in  conjunction  with 
their  rate  of  removal  by  denudation,  this  source  of  supply  to  the  rivers 
is  less  than  1  per  cent.  Clarke  reconsiders  the  question  and  finds 
the  allowance  would  not  be  more  than  1  per  cent.  Three  per  cent  is 
regarded  by  Clarke  as  a  maximum  deduction  for  sodium  artificially 
supplied  in  modem  times  to  the  rivers. 

Oceanic  salt  deposits  are  not  very  abimdant  over  the  surface  of 
the  earth,  being  generally  confined  to  particular  formations.  That 
they  seriously  affect  the  river  analyses  of  all  the  great  rivers  of  the 
world  is  in  the  highest  degree  improbable.  In  any  case  if  we  deduct 
all  the  chlorinated  sodium  from  the  river  supply  we  must  include 
also  all  sea-derived  sodiunL  If  we  effect  this  calculation,  we  obtain 
an  age  of  about  160  million  years.  I  do  not  think  it  will  be  disputed 
that  this  figure  is  in  its  nature  excessive. 

There  remains  the  possibility  (d)  that  the  assumed  uniformity  of 
past  and  present  conditions  is  illusory;  in  other  words,  that  special 
conditions  now  exist  tending  to  bring  about  an  abnormally  great 
river  supply  of  sodiiun. 

The  present  is  admittedly  a  period  of  large  land  exposure.  This, 
however,  involves  a  fact  which  must  be  held  in  mind.  At  the  pres- 
ent time  the  land  area  actually  draining  into  the  ocean  is  about  39.7 
millions  of  square  miles.  The  total  land  area  is,  however,  rather 
over  65  millions  of  square  miles.  It  follows  that  about  30  per  cent 
of  the  land  area  contributes  nothing  to  the  ocean.  Or,  again,  the 
areas  which  are  classed  as  "rainless" — ^that  is,  which  have  less  than 
an  annual  rainfall  of  10  inches  and  have  no  run-off — aie  estimated  as 
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one-fifth  of  tlie  idicde.  Under  such  cireomstuices  transgression  of 
the  ocean  upcm  the  land  mmpky  results  in  the  diminution  or  disap- 
pearance of  the  great  continental  desert  regions.  It  has  been  shown 
by  Murray  that  it  would  require  a  Tertical  depression  relatiyely  to  the 
ocean  of  600  feet  in  order  to  reduce  the  existing  land  area  by  26.7 
per  cent.  Penck,  on  the  same  data,  condudee  that  a  submergence 
of  200  meters  would  reduce  the  area  29  per  cent  A  submergence 
of  nearly  1,500  feet  is  required  to  diminish  the  land  area  50  per  cent. 

It  is  for  geologists  to  judge  ndiether  woild-wide  transgressions  of 
these  magnitudes  obtained  for  any  long  periods  in  the  past  So  far 
as  I  know,  paleography  would  not  support  such  transgressions.  A 
recent  study  of  the  Paleography  of  North  America  by  C.  Schuchert  ^ 
leads  to  the  conclusion  that  the  mean  area  of  that  continent  through- 
out tiie  past  has  been  about  ei^t-tenths  of  its  present  area.  In  his 
Trait6  de  GMogie,  De  Lapparent,  in  a  series  of  weU-known  restora- 
tions of  ancient  geography,  sho?ra  how  far,  as  judged  by  the  sedi- 
ments, there  was  transgression  of  the  sea  upon  the  land  at  yarious 
epochs.  It  does  not  appear  that  we  can  infer,  even  at  the  cUmax  of 
the  great  Cenomanian  transgression,  that  the  existing  land  was  at 
any  time  coTered  to  one-half  its  extent.  And  mindful  of  the  fact 
that  the  area  of  denudation  is  in  most  cases  much  greater  than  that 
of  deposition,  when  the  latter  is  greatest  the  necessity  of  accounting 
for  the  former  inyolyes  the  assumption  that  tracts  of  land  now  sub- 
merged were  then  exposed.  Without  assuming  the  fonner  exist- 
ence of  lost  continents  in  the  central  oceanic  basins,  there  seems 
yeiy  strong  eyidence  for  the  disappearance  of  former  land.  The 
eyidence  is  found  in  our  own  islands,  in  North  America,  in  India, 
South  Africa,  and  Australia  and  elsewhere.  We  haye  to  recognize 
continual  fluctuations,  but  the  eyidence  for  a  preyailing  reduction  of 
continental  areas  by  as  much  as  50  per  cent,  or  eyen  25  per  cent,  in 
the  past  is,  so  far  as  I  know,  not  f ortiicoming.  We  might  go  further 
and  state  that  so  great  a  diminution  of  existing  land  area  as  50  per 
cent  certainly  did  not  preyail  in  the  past.  Such  a  reduction  in- 
yolyes about  25  per  cent  of  the  present  rate  of  sdyent  denudation 
and  increases  the  age  accordin^y. 

Meteorological  conditions,  unless  occasioned  by  a  preyailing  change 
in  the  amoimt  of  solar  heat,  can  not  be  supposed  to  haye  steadily 
affected  in  one  direction  the  rate  of  denudation.  It  is  worthy  of 
note  that  the  testimony  deriyed  from  the  solyent  denudation  of  the 
continents  shows  that  climatal  conditions  do  not,  within  the  limits, 
seriously  affect  the  rate  of  solyent  denudation.  This  finds  explana- 
tion in  the  extremely  complex  nature  of  the  factors  concerned  in 
rock  weathering  and  rock  solution.    Now,  the  mere  abimdance  of 
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life  throughout  the  world  in  every  age  since  the  Cambrian,  and  veiy 
certainly  in  preOambrian  times  also,  is  sufficient  indication  that 
dimatal  conditions  can  not  have  been  so  extreme  as  to  serioualj 
inhibit  denudation.  It  would  be  easy  to  cite  evidence  from  sun- 
cracked  sediments  dating  back  to  Torridonian  times  from  teeming 
oceanic  life  now  confined  to  tepid  seas,  but  at  various  periods  of 
geological  history  inhabiting  eveiy  part  of  the  ocean,  and  finally 
from  forest  growth  and  insect  life  on  the  land,  that  there  is  no  evi- 
dence for  continued  lessened  solar  heat  in  past  ages. 

But  existing  soil  conditions  might  be  exceptional.  There  are 
to-day  great  sheets  of  glacial  clays  spread  over  the  northern  lands  of 
the  earth.  May  they  not  affect  the  river  discharge  of  sodiiunt 
The  answer  is  to  be  found  in  the  river  analyses.  It  is  sufficient  to 
refer  to  the  figures  cited  by  Clarke  in  his  Data  of  Geochemistiy. 
There  is  no  indication  of  excessive  supplies  from  northern  rivers. 

I  am  not  aware  of  any  sources  of  error  other  than  those  now  con- 
sidered. It  would  appear  that  solvent  denudation  estimated  in  the 
only  manner  open  to  us  assigns  an  age  to  the  ocean  which  at  its 
probable  maximum  does  not  exceed  100  million  years.  A^^iming 
that  certain  soiux^es  of  error  combined  to  lower  this  age,  for  instance, 
that  more  complete  knowledge  will  reveal  a  lesser  sodiimi  supply 
than  has  been  determined  on  existing  data;  that  the  cyclic  sodium 
should  be  taken  as  somewhat  more  than  we  have  assumed;  that 
former  fluctuations  of  land  area  on  the  whole  produced  an  effect  on 
solvent  denudation;  assuming  all  this,  we  might  be  somewhat  out  in 
our  reckoning.  We  have,  however,  neglected  all  those  sources  of 
error  tending  to  increase  the  age  unduly.  Chief  among  these  are 
the  following:  Primitive  sodium  existing  in  the  ocean;  mariAc  solvent 
denudation  effected  directly  on  the  coasts  and  sediments;  sodium 
supplied  with  volcanic  ejectamenta;  sodium  supplied  by  submarine 
rivers  and  springs.  For  a  discussion  of  these  sources  of  error  I  must 
refer  to  the  several  papers  cited  above.  It  is  generally  conceded 
that  any  precise  evaluation  of  their  effects  is  not  possible;  so  that  a 
considerable  margin  must  be  left  when  considering  the  minor  limit 
of  the  age  of  the  ocean  by  this  method.  They  certainly  produce 
some  effect  as  a  set  off  to  tibe  corrections  already  dealt  with.  When 
all  is  considered,  I  believe  it  will  be  foimd  that  the  most  probable 
result  based  on  solvent  denudation  is  100  million  years,  or  close  to 
this,  and  rather  under  this  than  over.  It  is  against  probability  to 
add  50  per  cent  to  this  value.  We  can  only  double  it  by  appealing 
purely  and  simply  to  the  imagination  for  effects  of  which  we  possess 
no  indication,  and  the  existence  of  which  is  at  variance  with  what  we 
know. 

The  age  as  determined  is  based  upon  the  summa^on  of  the  sodium 
supplied  by  the  nV&rs  ivoAag  ge^ological  tSme.    This  intidgral  can, 
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obviously,  give  us  no  information  as  to  the  relatiye  durations  of  the 
geological  epochs.  The  latter  question  can  be  approached  in  two 
ways.  (1)  By  means  of  the  stratigraphical  column  or  measured 
maxima  of  detrital  and  chemical  deposits,  assimiing  that  these  were 
laid  down  at  an  approximately  uniform  rate;  and  (2)  by  the  radio- 
active method.    I  shall  first  consider  the  former  method. 

THE  AGE  FBOM  THE  8EDIMENTABT  COLUMN. 

As  the  result  of  the  observations  of  geologiBts  in  many  parts  of  the 
world,  the  maximum  thickness  of  the  strata  deposited  in  the  various 
geological  periods  may  be  estimated  as  follows: 

Feet. 

Recent  and  Plektocene 4,000 

Pliocene 13,000 

Miocene 14, 000 

Oligocene 12,000 

Eocene 20,000 

63,000 

Upper  CrotaceouB 24, 000 

Lower  Cretaceous 20,000 

Juraseic 8,000 

Trias 17,000 

69,000 

Permian 12,000 

Carboniferous 29, 000 

Devonian 22,000 

63,000 

Silurian 15, 000 

Ordovician 17,000 

Cambrian 26,000 

68,000 

Eeweenawan 50,000 

Animikian 14,000 

Huionian 18,000 

82,000 

Archsean ?       

TotaL 335.000 

Tbis  compilation  is  due  to  Prof.  Sollas.* 

It  is  not  probable  that  there  will  be  in  the  future  any  yery  large 
amendment  of  these  figures  so  far  as  they  refer  to  post-Algonldan 
time.  The  Jiu'assic;  as  SoUas  observes;  seems  deficient.  The  pre- 
Cambrian  is  the^most  obscure  among  the  estimates.  It  claims  our 
special  attention,  not  only  with  reference  to  the  thickness  of  accu- 
mulated sedimentS;  but  in  so  far  as  the  observations  may  throw 
light  on  the  denudative  conditions  of  the  time. 

In  no  part  of  the  world  are  pre-Cambrian  rocks  better  developed 
and  exposed  than  in  and  aroimd  the  Archsean  shield  of  Canada;  and 

1  Pnddeatlal  Addran,  Qeolocicia  Sooitty,  London,  1900. 
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fortunately  no  rocks  have  been  more  carefully  studied  within  recent 
years.  The  appearance  of  the  monograph  of  Van  Hise  and  Leith  ^ 
places  the  known  facts  at  our  disposal  along  with  explanatory 
remarks  of  the  most  helpful  character. 

It  will  be  remembered  that  most  American  geologists  now  sub- 
divide pre-Cambrian  rocks  as  follows: 


AlgnnViftn  ' 


Eeweenawan. 

Upper  Huronkii  (Animikian). 
Middle  Huionian. 
Lowor  Huronian. 
.    ,         /Laurentian. 


Prior  to  1904  the  Lower  and  Middle  Huronian  were  together  caUed 
Lower  Hiuronian.  Alternative  names  for  the  three  divisions  of  the 
Huronian  are  Lower,  Middle,  and  Upper  Marquettian.  The  lines 
represent  imconformities. 

A  study  of  the  recorded  facts  shows  that  the  higher  estimates  of 
Keweenawan  rocks  include  preponderating  amounts  of  igneous  rocks, 
both  effusive  and  volcanic.  The  time  value  of  these  materials  is  prob- 
ably— ^nay ,  certainly — small.  Van  Hise  cites  a  case  where  the  accumu- 
lation of  7,000  to  8,000  feet  of  Huronian  volcanic  materials  is  paral- 
leled by  the  collection  elsewhere  of  700  to  800  feet  of  ordinary  sedi- 
ments.' The  estimates  which  approximate  to  as  much  as  45,000  feet 
include  some  30,000  feet  of  igneous  or  mixed  igneous  and  sedimentary 
materials.'    No  sedimentary  colmnn  thicker  than  17,000  feet  is  cited. 

The  Huronian,  or  lower  division  of  the  Algonkian,  is  nowhere,  save 
in  an  early  estimate  of  WincheU's,  found  to  embody  more  than  16,000 
feet  of  sediments.  WincheU's  estimate^  is  obscured  by  the  nomen- 
clature, and  would  seem  to  include  Arch»an  rocks.  If  his  Marquet- 
tian, which  name  he  applies  to  rocks  formerly  known  as  Kewatin, 
includes  Lower  Huronian  only,  we  have  an  estimate  of  27,000  feet  for 
this  division.  The  estimate  would  be  unique.  The  highest  distinct 
estimate  of  Lower  Huronian  which  I  have  foimd  in  the  Bulletin  is  ''a 
possible  maximum  thickness '*  of  16,000  feet,  of  which  5,000  feet  are 
true  sediments.' 

The  Algonkian  generally  is  variously  estimated,  but  in  no  case  is  a 
thickness  greater  than  50,000  feet  cited.  In  the  Cordilleras  the  Belt 
series — ^30,000  feet — ^plus  the  Cherry  Creek  series  may  amount  to 
more.  It  does  not  seem  likely,  however.  The  former  series  is  char- 
acterized by  Van  Hise  and  Leith  as  unique  among  the  pre-Cambrian 
series  of  North  America  for  wide  extent,  thickness,  and  lack  of  defor- 
mation.   There  is  no  apparent  unconformity  between  the  Cherry 

1  BoUetln  300,  U.  S.  OeoL  Survey,  1900.  *  Loc.  cit.,  p.  206. 

«  Locdt.,  p.  14«.  •  Locdt,  p.  164. 

*Loo.oit.,p.m. 
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Creek  series  and  the  gneissic  rocks  beneath.  In  the  Selkirk  Range 
40,000  feet  of  deposited  rock  are  recorded,  but  the  correlation  is  some- 
what obscure,  suggesting  that  its  age  may  not  be  entirely  pre-Cam- 
brian.  In  Noya  Scotia  sedimentaiy  rocks,  probably  A^nkian, 
amoimt  to  26,000  feet.  Tlie  Canadian  Huronian  (equiyalent  to  Algon- 
kian)  has  been  estimated  up  to  50,000  feet.  It  is  largely  volcanic,  and 
contains  unstratified  igneous  masses. 

It  is  remarkable  that  recent  work  has  in  many  cases  tended  to 
reduce  the  estimates  of  earlier  observers.    Chamberlin  and  Salisbury  ^ 
point  out  the  liability  to  overestimatioh  which  exists  in  these  cases. 
These  same  observers  state :  * 

Tlie  inaTimiiin  thicknefls  of  the  systom  (Eeweenawan)  has  been  estiinated  as  nearly 
50,000  feet,  but  it  is  not  imposBoble  that  this  estimate  is  an  exaggerated  one.  If  it  be 
correct,  the  Eeweenawan  is  the  thickest  body  of  post-Archsean  rock  referred  to  any  one 
pmod.  This  seemingly  incredible  thickness  may  merely  mean  inclined  deposition 
and  sabsequent  tilting  and  shearing  and  the  estimate  be  altogether  correct. 

And  of  the  proterozoic  systems  collectively  in  the  Lake  Superior 
r^on  they  write:' 

If  none  of  the  estimates  are  exaggerated,  there  is  an  aggregate  of  more  than  30,000  feet 
of  sedimentary  rock  in  the  proterozoic  systems. 

It  would  appear,  then,  that  the  Keweenawan  at  its  maximum,  so  far 
as  observed,  is  less  than  50,000  feet,  and  its  true  sedimentary  thick- 
ness  evidently  considerably  less.  The  Huronian  does  not  appear  to 
have  been  reliably  estimated  as  above  16,000  feet.  Together  the  max- 
imum estimates  for  the  Algonkian  are  not  above  60,000  to  65,000  feet, 
inclusive  of  igneous  materials.  In  its  great  development  in  the  Cor- 
dilleras it  would  appear  that  a  maximum  of  40,000  feet  of  true  sedi- 
ments would  be  safe,  on  the  existing  data. 

With  the  Arch»an  we  are  not  here  concerned.  Van  Hbe  and  Leith 
briefly  summarize  our  knowledge  of  the  earlier  rocks  in  these  words:  ^ 

The  Algonkian  is  characterized  by  well-assorted  fragmental  and  chemical  sediments 
giving  evidence  of  extensive  decomposition  of  land  areas  and  of  the  passage  of  normal 
cycles  of  erosion.  Igneous  rocks  are  abundantly  present,  but  for  the  most  part  are  sub- 
ordinate in  amount  to  the  sediments.  The  Archaean  is  characterized  mainly  by  igne- 
ous rocks  with  the  sediments  in  very  small  quantity.  The  Archfiean  sediments,  more- 
over, are  frequently  of  wacke  type,  and,  so  far  as  known,  are  not  largely  of  the  cleanly 
assorted  kinds  resulting  from  complete  decomposition  as  in  the  Algonkian. 

Similar  testimony  is  borne  by  Chamberlin  and  Salisbiuy.* 
According  to  the  definition  of  Algonkian  and  ArchsBaif  we  must 
draw  a  line  at  the  base  of  the  former  as  representing  that  limit  at 
which  geological  time,  as  an  era  of  sedimentation  and  solvent  denuda- 
tion, began.  "The  Archaean  was  essentially  a  period  of  world-wide 
vulcanism,  and  in  the  relative  proportions  of  rocks  of  igneous  and  sedi- 

1  Textbook  of  Geology,  p.  257.  *  Loc.  dt..  pp.  21-22. 

t  Loc.  cit.,  p.  192.  *  Textbook  of  Geology,  yoL  2»  p.  190. 

»Loo.cit.,p.l98. 
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mentary  origin  represents  a  departure  from  the  uniformity  of  condi- 
tions of  later  geological  times/'  ^ 

Turning  to  the  pre-Cambrian  geology  of  other  parts  of  the  world  we 
find  that  the  Torridonian  and  Lewisian  of  northwest  Scotland  in 
their  mutual  relations  and  petrographical  characters  resemble  the 
Algonkian  and  Archaean  divisions  of  North  America.  The  aggregate 
thickness  of  the  Torridonian  has  been  estimated  at  not  less  than 
10,000  feet.    To  this  the  Dalradian  has,  possibly,  to  be  added. 

The  pre-Cambrian  rocks  of  Finland  have  been  divided  by  Sederholm 
as  follows: 

Jotnian. 

Jatulian,  Upper. 
Jatulian,  Lower. 
Kalevian,  Upper. 
Kidevian,  Lower. 

Bottnian. 

Ladogian. 

Katarch»an. 

Sederholm  makes  the  same  statement  regarding  the  Jotnian, 
Jatulian,  Kalevian,  and  Bottnian  as  has  been  made  with  reference  to 
the  Algonkian.    Sederhohn  says : 

At  least  as  far  back  as  daring  Bottnian  time  the  climatic  conditions  were  not  sensibly 
different  from  those  of  later  geological  periods,  as  shown  by  thelexistence  of  rocks  which, 
in  spite  of  their  metamorphic  character,  show  themselves  to  be  sediments  with  the 
same  regular  alternation  of  clayey  and  sandy  material  (annual  stratification)  as  the 
glacial  clays  of  that  same  region,  explainable  only  by  assuming  a  regular  change  of 


The  parallel  suggested  by  Sederhohn  with  the  Lake  Superior  rocks 
is  as  follows: 

Jotnian  eqtdvalent  to  Eeweenawan. 

Jatulian  equivalent  to  Animikian  or  Upper  Huronian. 

Kalevian  equivalent  to  Lower  Hiuxjnian. 

Van  Hise  and  Leith  further  suggest  the  correlation  of  the  Ladogian 
and  Katarchsean  with  the  Kewatin  and  Laurentian;  the  Ladogian 
being  intruded  by  the  granites  and  gneisses  of  the  Katarchsean. 

In  China  a  basal  complex  of  gneisses  having  veiy  subordinate  masses 
of  sedimentary  materids  underlie  four  sedimentary  groups,  originally 
muds;  grits,  conglomerates,  and  limestones;  having,  in  fact,  all  the 
characteristics  of  the  Algonkian.  In  short  this  prevailing  relation 
of  an  older  gneissic  and  dominantly  igneous  system  with  an  uncon- 
formably    overlying    metamorphosed    sedimentary     and    volcanic 

1  Vaa  Hise  ud  Laith,  loo.  cit»  p.  80. 

>  Sederholm,  7.  J.,  Bull.  Comio.  Q4ol.  de  FinlMide,  No.  23,  p.  W,  1907. 
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series — ^which  again  is  divided  by  unconformities — ^is  a  significant 
-  feature  observed  in  many  widely  separated  parts  of  the  world. 

Hie  above  cited  facts  seem  to  show  (1)  that  we  are  entitled  to  com- 
mence our  reckoning  of  the  sedimentary  column  at  the  base  of  the 
Algonkian;  (2)  that  the  existing  sedimentary  deposits  of  that  epoch 
are  probably  not  greater  than  the  more  or  less  concordant  observa- 
tions from  several  locaUties  indicate;  (3)  that  the  early  sedimentation 
was  similar  in  character  to  that  which  proceeded  in  subsequent  periods. 

Although  much  is  gained  by  these  deductions,  it  is  difficult  to  deter- 
mine any  approximate  time  equivalent  for  these  ancient  deposits.  It  is 
true  that  there  is  no  reason  to  suppose  that  their  derivation  proceeded 
at  a  different  rate  from  more  recent  ones;  their  rate  of  accumu- 
lation, however,  may  have  been  and  indeed  probably  was  quickened 
by  less  stable  crust  conditions,  permitting  more  localized  depressions 
and  greater  concentration.  The  geographical  disposition  of  the  earlier 
sediments  sometimes  affords  evidence  of  this.  There  are,  again, 
several  unconformities  in  the  pre-Cambrian  succession  which  do  not 
appear  to  be  represented  in  the  known  sedimentary  accumulations. 
Van  HLse  and  Leith  recognize  the  principal  unconformity  as  separat- 
ing the  Arcluaan  from  the  Algonkian.  Adams,  however,  recognizes 
one  of  equal  significance  beneath  the  Upper  Huronian.  Three  uncon- 
formities occur  within  the  Algonkian.  That  these  are  indicative  of 
considerable  lapses  of  geological  time  is  highly  probable. 

A  discussion  of  the  time  allowance  for  these  early  unconformities 
would  lead  us  too  far  into  speculation.  It  may  be  observed,  however, 
as  r^ards  the  evidence  for  prolonged  periods  of  denudation  deduced 
from  regional  base  leveling,  that  the  instability  of  the  early  crust 
must  again  be  kept  in  mind.  It  is  probable  that  the  Algonkian 
moimtains  were  not  of  the  dimensions  of  those  of  later  periods  and 
that,  therefore,  they  were  at  once  more  rapidly  formed  and  more 
rapidly  removed.  Van  Hise  and  Leith  suggest  tJiat  the  unconformi- 
ties may  represent  as  much  sediment  again  as  now  remains  to  observa- 
tion. This,  of  course,  can  only  be  matter  of  opinion;  and  I  have  as 
far  as  possible  endeavored  to  exclude  what  is  purely  matter  of  opinion 
from  this  review  of  the  subject.  It  would  seem,  however,  that  SoUas's 
estimate  of  82,000  feet  of  sediment  includes  such  an  allowance  as  ap- 
pears possible  to  Van  Hise  and  Leith. 

TaUng  all  into  accoxmt — and  much  has  been  omitted  which  might 
be  said  upon  the  subject — ^it  does  not  appear  that  Prof.  SoUas's  com- 
pilation of  the  stratigraphical  colunm  need  be  seriously  disturbed. 
If  we  double  the  estimate  for  the  Jurassic  we  at  least  tend  to  reduce 
the  possibility  of  error  of  deficiency  in  the  thickness  assigned  to  this 
system.    This  brings  the  column  up  to,  say,  345,000  feet. 

What  now,  finally,  is  the  time  value  of  this  enormous  total  t  Un- 
fortunately the  average  rate  of  collection  is  a  very  indeterminate 
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quantity.  We  are^  I  believe,  at  liberty  to  aasume  that  the  rate  of 
deposition  and  sinking  was  anything  from,  say,  1  foot  to  but  a  few 
inches  in  a  century.  A  rate  of  accumulation  of  4  inches  in  a  century 
interprets  the  geological  column  as  indicating  103  millions  of  years. 
Three  inches  gives  us  148  millions.  The  order  of  the  time  value  is 
probably  indicated  in  these  figures. 

It  is  important  to  note  that  the  facts  of  solvent  denudation  place 
a  quite  definite  limit  on  the  amount  of  sediments  which  have  been 
formed  during  geological  time.  The  sodium  which  has  reached  the 
ocean  has  originated  in  the  conversion  of  igneous  into  sedimentary 
rocks.  It  is  easy  to  calculate  from  the  composition  of  a  generalized 
igneous  and  a  generalized  sedimentary  rock  and  from  the  quantity  of 
sodium  in  the  ocean  that  the  denudation  of  about  84  million  cubic 
miles  of  igneous  rock,  producing  about  60  million  cubic  miles  of 
sediment,  accounts  for  the  sodium  in  the  ocean.  Such  a  quantity  of 
sedimentary  rock  would,  if  all  was  now  on  the  land,  cover  the  present 
land  area  (55  million  square  miles)  to  a  depth  of  a  little  over  1  mile.^ 
As  it  can  be  shown  that  somewhat  less  than  a  third  of  the  sediments 
have  been  precipated  as  oceanic  deposits,'  the  average  depth  of  the 
sedimentary  rocks  on  the  land  is  less  than  1  mile;  about  4,000  feet. 
The  total  sedimentation  throughout  geological  time  must  be  restricted 
within  this  limit.  Possibly  the  limit  is  too  high,  for  there  may  have 
been  some  sodium  in  the  primitive  ocean.  It  is  difficult  to  show 
wherein  it  is  too  low.  This  limit  must  define  not  only  sediments 
which  keep  their  recognizable  characters  as  such,  but  those  which 
may  possibly  have  been  metamorphosed  beyond  certain  recognition. 
It  is  significant  that  the  guesses  (for  they  can  only  claim  to  be  such) 
of  several  writers  as  to  the  amoimt  of  recognizable  sediment  upon  the 
land  areas,  do  not  diverge. very  far  from  the  suggested  limits.  Thus 
Van  Hise  thinks  these  rocks  may  be  taken  as  on  an  average  covering 
the  continents  to  a  depth  of  2  kilometers.  Garke  thinks  that  the 
sediments  certainly  do  not  occupy  a  bulk  equal  to  the  whole  land 
extending  above  sea  level.  This  would  amoimt  to  less  than  an  aver- 
age of  2,411  feet  deep  over  the  continents.  The  sediments  in  the  sea 
would  be  additional  to  this.'  These  estimates  may  be  guesses,  but  it 
is  improbable  that  they  are  several  times  in  error.  The  observed 
amounts  of  sediment  are  not  then  in  discord  with  the  limitations 
imposed  by  solvent  denudation. 

THE  AGE  OF  THE  EARTH  BY  RADIOACnvrTT. 

The  radioactive  investigation  of  the  age  of  the  earth  is  based  upon 

the  accumulation  in  minerals  of  the  inert  products,  helium  and  lead. 

The  rate  of  production  of  helium  by  a  given  amount  of  uranium 

1  Trans.  Roy.  Dublin  Soc.,  vol.  7, 1890,  p.  48. 

>  Address  to  section  C,  British  AssociAtkm,  1906,  p.  6. 

*  Dftta  of  Geochemistry,  p.  20. 
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may  be  regarded  aa  known  with  considerable  accuracy.  It  may  be 
aasumed  that  1  gram  of  uranium  in  equilibrium  gives  rise  to,  closely, 
10.7X10^  cubic  centimeters  of  heliimi  (measured  imder  standard 
conditions)  per  year.  Thorium  and  its  products  of  change  are  just 
as  widespread  in  occurrence  aa  uranium.  The  contribution  of  helium 
derired  from  the  thorium  group  must,  therefore,  in  most  cases 
be  also  taken  into  account.  Failing  direct  measurements  of  the  rate 
of  generation  of  helium  by  thorium,  it  is  possible  to  estimate  this  in 
terms  of  the  output  due  to  uranium  by  a  comparison  of  the  ionization 
effects  of  the  two  families  of  substances.  Tlus  comparison  has  been 
made  by  Boltwood.  Allowance  has  further  to  be  made  for  the  differ- 
ent ionizing  activity  of  the  alpha  rays  from  the  uranium  and  thorium 
series  due  to  their  differing  velocity  and  range.  The  final  result  is 
tiiat  1  gram  of  thoria  (ThO,)  is  equivalent,  in  its  rate  of  production  of 
helium,  to  0.203  grima  of  U,0,.  The  '^ helium  ratio"  of  a  miueral  is 
the  heHum  in  cubic  centimeters  per  gram  of  ''total  equivalent'' 
uranium  oxide  present.  This  is  the  usage  adopted  by  Strutt.  In  a 
recent  paper  *  Strutt  experimentally  verifies  this  procedure  by  direct 
measurement  of  the  helium  evolved  by  minerals  rich  in  uranium  and 
thorium. 

The  use  of  lead  as  a  measure  of  geological  time  involves  the  assumpn 
tion  that  Boltwood's  theory  is  correct,  i.  e.,  that  lead  is  the  final 
product  of  decay  in  the  uranium  series.  There  is  strong  evidence  in 
favor  of  this  view.  Notably  the  fact  that  the  atomic  weight  of 
uraniimi,  less  that  of  the  eight  alpha  particles  which  are  known  to  be 
emitted  during  its  several  stages  of  disintegration,  descends  to  that 
of  lead.  The  universal  association  of  the  two  elements  and  the  con- 
nection of  this  association  with  geological  time,  constitute  further 
evidence. 

The  mass  of  lead  generated  in  one  year  per  gram  of  uranium  is 
easily  foimd  from  a  knowledge  of  the  mass  of  helium  produced. 
The  latter,  calculated  from  the  volume,  is  found  to  be  1.88X10"" 
gram.  The  associated  lead  will  be  1.22X10~**  gram.  That  is,  the 
presence  of  one  gram  of  uranium  involves  the  production  of  1 .22  X  10~** 
gram  of  lead  per  annum.  A  small  correction  may  be  required  for 
the  exhaustion  of  the  uranium. 

The  most  obvious  criticism  which  the  radioactive  method  suggests 
may  be  embodied  in  the  following  possibilities: 

(a)  Risk  of  the  original  presence  of  helium  or  lead  in  the  minerals 
investigated. 

(Jb)  Risk  of  loss  of  helium  or  lead,  or  their  gain  from  spurious 
sources. 

As  regards  the  fiiBt  of  these  heads  there  is  evidence  that  helium 
or  lead  may  be  originally  present  in  the  substance.    In  fact,  we  may 

1  Proc  Roy.  Soo.,  October,  1010. 
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in  a  general  way  consider  that  the  same  causes  which  lead  to  the 
segregation  of  uranium  or  thorium  most  probabty  led  to  the  concen- 
tration of  other  substances.  This  at  least  is  probable  where,  as  in 
the  case  of  zircon,  none  of  the  substances  dealt  with  are  essential 
parts  of  the  molecule  of  the  mineral.  The  magma  or  menstruum 
from  which  the  parent  radioactive  substances  are  derived  may  be 
very  rich  in  heUum  or  lead,  and  the  amounts  of  these  constituents 
which  enter  into  the  mineral  may  be  considerable.  It  follows  that 
the  absolute  value  of  the  heUum  or  lead  ratio  involves  the  events 
attending  the  genesis  of  the  mineral.  It  ia  even  quite  probable  that 
substances  crystallized  out  within  a  plutonic  mass,  and  which,  at 
first  sight,  might  be  thought  secure  from  impurities  of  this  sort, 
would  be  seriously  affected.  Consider  the  case  of  a  mineral  of  early 
consoUdation  such  as  biotite.  It  is  held  by  many  petrologists  that 
the  substances  first  to  crystallize  are  not  necessarily  those  whose 
molecules  were  first  formed  in  the  magma.  Biotite  or  hornblende 
may,  indeed,  ciystallize  in  advance  of  feldspar  or  quartz,  but  they 
do  so  in  presence  of  already  formed  molecules  of  these  bodies  or  of 
molecules  which  are  forerunners  of  these  bodies.  If  this  were  not 
the  case  the  adjustment  of  the  alumina  to  the  potash,  soda,  and 
lime  which  appear  in  the  feldspars  would  be  inexplicable.^  On  this 
view  a  clear  explanation  is  found  of  the  heterogeneous  concentra- 
tion of  elements  in  bodies  of  early  consoUdation.  These  minerals, 
in  a  sense,  are  residual,  receiving  those  elements  which  have  been 
excluded  from  taking  part  in  earlier  molecular  grouping.  The  final 
result  is  a  '^  forced  isomorphism." 

The  same  phenomena,  on  an  intensified  and  more  demonstrable 
scale,  appear  in  the  formation  of  pegmatitic  minerals.  Here  very 
often  it  may  be  inferred  that  mother  Uquors  rich  in  the  rarer  elements 
and  the  products  rejected  by  the  magma,  generate  on  a  lacge  scale 
minerals  which  are  quite  subordinate  within  the  mass  of  the  rock« 
Extruded  gases,  under  great  pressure,  also  act  under  such  conditions. 
In  the  internal  cavities  and  druses  of  granites,  doubtless,  all  these 
factors  operate.  Under  such  circimistances  are  generated  the  beryls 
and  zircons  which  find  their  way  into  museum  collections. 

In  keeping  with  the  conditions  attending  vein  minerals  Strutt 
foimd  that  such  minerals  from  the  Cornish  granite  contained  more 
heUum,  relatively  to  the  radioactive  elements  present,  than  did  the 
granite  itself,  altiiough  the  vein  must  be  younger  than  the  rock  con- 
taining it.  The  fact,  also  shown  by  Strutt,  that  beryls  often  contain 
a  quite  unaccountable  quantity  of  helium,  probably  finds  its  explar- 
nation  in  the  original  occlusion  of  this  substance. 

Br6gger,  in  writing  of  the  syenitic  pegmatites  of  Norway,  concludes 
that  tJie  minerals  of  the  thorite-orangite  group,  including  urano- 

1  Harker,  Tlie  Natural  Hit tory  of  Igneoos  Rocks,  London,  1900,  p.  1G7. 

Digitized  by  VjOOQ  IC 


AGE  OF  THE  EABTH — ^JOLY.  285 

^oiite,  crystallized  in  the  first  phase  of  yein  formation,  ''tliat  of 
magmatic  consolidation  with  the  cooperation  of  pneiimatoljtic  proc- 
esses/' and  that  in  the  second  and  principal  phase  of  pneiimatol3rtic 
activity  galena  crystallized  out.^  If  the  undifferentiated  magma 
has  been  fairly  radioactiye,  may  not  the  pegmatitic  substances, 
representing  a  la^e  part  of  the  rejected  elements  of  the  magma,  be 
rich  in  the  products  of  radioactive  decay)  It  would  seem  that  we 
are  reasonably  entitled  to  expect  this.  There  might  even  be  a  cer-  ' 
tain  proportionality  between  the  amounts  of  radioactive  bodies  and 
segrq^ted  products  of  decay. 

The  results  of  the  experiments  themselves  alone  can  indicate  how 
far  sources  of  error  of  this  kind  have  operated.  The  final  ratio^ 
whether  of  helium  or  lead — to  the  parent  radio-active  substance  is, 
we  may  suppose,  compounded  of  two  ratios,  a  segregation  ratio 
whidi  obtained  from  the  first,  and  a  generative  ratio  which  kept  on 
increasing  throughout  geological  time.  Consider  the  case  of  lead. 
We  have  no  prima  fade  right  to  condude  that  the  originally  s^re- 
gated  lead  is,  relativdy  to  the  lutmiiun,  more  for,  say,  Archaean 
minerals  than  for  Devonian.  If,  then,  the  gross  lead  ratio  for  the 
former  is  v^ry  much  greater  than  for  tiie  latter,  the  effect  of  the 
ocduded  lead  must  only  exercise  an  insignificant  influence  in  invali- 
dating the  results  regarding  ArchsBan  time.  To  take  a  dbncrete 
example.  The  assumption  that  of  the  total  lead  foimd  in  Devonian 
minerals  a  quantity  equal  to  2  per  cent  of  the  uranium  present  in 
each  case  is  not  of  radioactive  origin  but  was  originally  introduced, 
amounts  to  saying  that  one-half  the  ratio  (about)  is  due  to  original 
s^regation  and  one-half  to  radioactive  genesis.  The  time  value  of 
the  corresponding  deduction  from  Devonian  time  (as  derived  from 
the  gross  ratio)  is  about  160  million  years.  A  quantitativdy  equal 
correction  applied  to  the  ratio  observed  in  Archaean  minerals  will 
not  be  very  important,  as  will  presently  be  seen.  Unless,  then,  we 
have  some  reason  to  infer  that  the  conditions  attending  the  forma- 
tion of  the  minerals  having  the  higher  ratios  were  such  as  to  lead  to 
the  indusion  of  greater  rdative  amounts  of  lead,  the  objection  under 
this  head  h  not  of  serious  weight,  at  least  in  the  case  of  the  higher 
ages  which  have  been  arrived  at. 

Acting  dther  to  increase  or  diminish  the  observed  deduced  age, 
errors  under  the  head  (b)  may  exist.  The  volatile  escape  of  helium 
has  been  demonstrated  by  Strutt.  Under  past  conditions  of  heat- 
ing and  percolation,  etc.,  its  escape  is  very  probable.  On  the  other 
hfmd,  the  accretion  of  radiimi  is  not  impossible,  for  radium  is  known 
to  migrate  from  its  parent  dements,  and  in  considerable  amounts. 
Lead  is  certainly  at  least  equally  liable  to  migration  under  suitable 
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conditions.  These  sources  of  error  would  also  tend  to  go  on  aug- 
menting with  the  lapse  of  tune.  Unless,  however,  it  can  be  shown 
that  a  special  sort  of  selective  absorption  for  one  or  more  of  the 
elements  likely  to  bring  in  error  is  exercised  within  the  minerals 
dealt  with,  the  error  can  be  apprised  at  its  true  worth  by  comparar 
tive  observations  upon  associated  substances  which  do  not  contain 
appreciable  amounts  of  the  parent  radioactive  bodies,  and  which 
have  been  exposed  to  like  vicissitudes  of  history. 

The  earliest  determination  of  age  by  the  radioactive  method  is,  so 
far  as  I  am  aware,  that  made  by  Rutherford.^  The  helium  in  a  speci- 
men of  fergusonite  was  determined  by  Ramsay  and  Travers  as 
amoimting  to  1.81  cubic  centimeters  per  gram.  The  mineral  am- 
tained  about  7  per  cent  of  uranium.  From  this  Rutherford  deduced 
the  age  as  about  240  millions  of  years.  The  geological  position  of 
this  mineral  is  not  specified,  nor  is  the  possible  influence  of  thorium 
taken  into  consideration. 

The  principal  development  of  the  method  by  helium  ratio  is  due 
to  Strutt,  whose  work  upon  the  subject  has  appeared  in  five  papers 
in  the  Proceedings  of  the  Royal  Society  (1908-1910).  These  experi- 
ments deal  with  phosphatized  fossil  remains  and  nodules,  htsmatite 
and  other  iron  ores,  zircons,  and  sphenes.  Some  of  these  determina- 
tions are  evidently  not  available  as  an  estimate  of  the  time  since  their 
formation,  being  plainly  deficient  in  helium.  Such  results  of  course 
strengthen  the  conviction  that  loss  of  helium  must  occur  in  some 
cases. 

The  results  arrived  at  by  Strutt  are  not  always  concordant.  Thus 
we  find  two  sphenes  of  Archaean  age  and  from  the  one  locality  (Ren- 
frew County)  affording  222  and  715  millions  of  years;  and  again  two 
Archaean  sphenes  from  the  one  locality  (Twederstrand,  Norway)  213 
and  449  millions  of  years.  Zircons  show  for  Palaeozoic  time  140.8  to 
321  millions  of  years.  Here  the  lower  figures  are  supported  by 
results  on  haematite.  This  one  mineral  gives  for  the  time  since  the 
Eocene  age  30.8,  since  the  Carboniferous  14i,  and  since  the  Devonian 
145  millions  of  years.  Limonite  gives  for  post-Carboniferous  time 
145  million  years.  These  are  closely  agreeing  results.  Other  iron 
ores  give,  however,  inconsistent  results.  All  are,  of  course,  recon- 
cilable if  we  assume  that  the  lower  results  are  in  eveiy  case  due  to 
loss  of  helimn.  It  is  a  little  unfortunate  in  this  connection  that  the 
minerals  used  for  the  greater  ages  are  more  retentive  in  their  nature 
(sphene  and  zircon)  than  the  substances  dealt  with  for  determination 
of  the  lesser  periods  of  time. 

Strutt,  in  his  final  paper,  selects  from  his  results  the  following  as 
summarizing  the  data  of  his  earlier  papers: 


1  Pbfl.  Mtg.,  Ootobar,  1006,  p.  Stt. 
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Tmii. 

Splueroeiderite  from  Rhine  Provinces — Oligocene 8.4X10* 

Hfematite,  County  Antrim — ^Eocene 31    XIO* 

Hsematite,  Forest  of  Dean — Carboniferous  Limestone 150    X 10* 

Sphene,  Renfrew  County,  Ontario — ^Archsan 710   XIO^ 

These  are  advanced  as  TninimiiTn  values,  the  loss  of  helium  being 
impossible  to  estunate. 

Boltwood  first  investigated  the  age  by  the  acciunulation  of  lead.* 
Very  high  figures  were  obtained,  ranging  from  246  to  1,320  miUions 
of  years.  Becker  criticizes  these  results,'  pointing  out  that  certain 
radioactive  minerals  of  well-determined  age  (Llano  Group,  not  far 
below  the  Cambrian)  afford  on  the  same  principles  ages  which  are 
quite  incredible,  ranging  from  1,671  to  1 1,470  miUions  of  years.  Bolt- 
wood  questions  the  suitability  of  the  minerals  on  the  score  of  incipient 
or  advanced  alteration.  Becker  in  reply  lu^s  that  there  is  no  evi- 
dence to  show  that  alteration  can  affect  the  ratios.  Becker  considers, 
further,  that  BrSgger's  views,  as  cited  above,  show  that  lead  may  be 
occluded  as  an  impiuity  in  such  minerals,  and  that  the  amount  of  this 
impurity  will  vary  from  crystal  to  crystal,  in  accord  with  the  results 
of  the  observations. 

The  subject  of  the  lead  ratio  has  been  lately  taken  up  by  A.  Holmes.' 
Holmes  sdects  minerals  from  the  intrusive  nephelene  syenite  of  the 
Christiania  district,  supposed  by  BrSgger  to  be  of  Middle  or  Lower 
Devonian  age;  most  probably  the  latter.  Seventeen  minerals  are 
investigated,  among  which  are  thorite,  biotite,  zircon,  aegerine,  nephe- 
line,  feldspar,  etc.  The  ratio  of  lead  to  lu'anium  ranges  from  0.041  to 
0.500.  There  is  found  to  be  an  increase  in  the  value  of  the  ratio  with 
diminution  in  the  amount  of  m*anium;  a  result  suggesting  the  pres- 
ence of  original  lead.  Holmes,  accordingly,  rejects  about  half  the 
results  (those  which  give  the  higher  ratios)  and  finds  a  mean  among 
eight  results  which  range  from  0.043  to  0.050.  The  mean  of  these 
gives  for  post-Lower  Devonian  time  370  miUion  years.  It  must  be 
admitted  that  this  result  is  not  entirely  satisfactory;  it  contains  an 
element  of  arbitrary  choice,  and  although  it  is  possibly  true  that  the 
minerals  with  least  uranium  contain  too  much  original  lead  to  be 
reliable,  we  are  by  no  means  sure  that  even  larger  amounts  of  origi- 
nal lead  did  not  enter  into  the  constitution  of  the  others.  The  agree- 
ment among  the  ratios  renders  this  improbable,  however. 

Holmes  enters  into  the  question  of  the  geological  positions  of  the 
results  cited  by  Boltwood,  and  concludes  that  they  may  be  tabulated 
as  follows.    Qb  own  mean  result  is  included  in  the  table. 

1  Amer.  loom.  Sot,  voL  23,  1007. 
•  BaD.  QtoL  Soo.  Amer.,  yol.  19,  p.  113, 1906. 
PRw.  Boy.  Soo.,  Jane,  1911. 
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Ocokfieil  period. 


Pb/U. 


CMbonlieroat. 


Fi^Ctfbooitooaf 

BOorlsii  or  OrdoriciaD. 
Pre43unbrtexu 


Sw«lto. 


Uqtted  States. 
Ceylon 


0.0«1 

MO 

.045 

S70 

.060 

410 

.063 

430 

.135 

1,QB6 

.156 

1,370 

.100 

1,310 

.175 

1,435 

.30 

1,040 

The  Swedish  minerals  are  from  pegmatites  of  an  age  younger  than 
Jatulian.  The  results  obtained  from  them  show,  among  17  specimens 
examined,  two  well-marked  groups,  having  the  ratios  tabulated. 
There  is  nothing  in  the  rocks  to  indicate  any  difference  in  age*.  Of  the 
United  States  minerals,  those  having  the  lesser  ratio  are  from  granites 
intruded  into  the  Llano  Group  (Texas)  of  metamorphosed  sediments. 
Their  age  is,  therefore,  younger  than  the  sediments,  which  are  early 
Algonkian.  Those  with  the  higher  ratio  are  from  Burnet  County, 
Tex.,  and  Douglas  County,  Colo.  The  geological  evidence  is  similar  to 
that  of  Llano  County. 

The  evidence  for  the  pre-Cambrian  age  of  the  Ceylon  thorianite 
is  the  resemblance  of  the  rocks  to  the  fundamental  complex  of  India. 
The  tabulated  values  are  the  means  of  several  results  cited  by  Bolt- 
wood,  some  of  which  are  in  closer  mutual  agreement  than  others. 

These  results  greatly  transcend  Strutt's  in  the  antiquity  they  assign 
to  Palaeozoic  and  pre-Cambrian  time.  This  fact  can  be  explained  by 
the  escape  of  helium.  The  possibility  of  occluded  lead  entering  se- 
riously into  such  determinations  wUl,  doubtless,  form  the 'subject  of 
future  research.  Meanwhile  it  seems  improbable  that  the  higher 
average  ratios  of  the  oldest  minerals  can  find  explanation  in  this 
manner.  I  have  already  dwelt  sufficiently,  in  view  of  our  very 
deficient  knowledge,  on  these  points. 

The  discordance  between  the  radioactive  indications  of  time  and 
those  derived  from  the  stratigraphical  column  appears  clearly  when 
we  plot  one  against  the  other  (fig.  1).  The  assumption  made  in  plot- 
ting the  sedimentary  thicknesses  is  that  these,  inter  se,  aro  roughly 
comparable  as  regards  the  rate  of  accumulation.  As  I  have  already 
pointed  out,  this  seems  probable  save  in  the  case  of  the  earlier  pre- 
Cambrian  sediments,  which  we  might  expect  would  have  been  accu- 
mulated morelocally.  The  thicknesses  of  the  severalstrata  Ihave  laid 
out  according  to  the  data  collected  by  SoUas.  The  radioa,ctive  times 
are  plotted  above  the  points  on  the  base  line  to  which  their  geological 
positions  assign  them.    We  hxf  from  the  lead  ratrds   two  eariy* 
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Algonkian  results  and  two  post-Jatulian  results.    The  Archtean  re- 
sults by  helium  and  lead  can  not  be  located  on  the  base  line  save  by 
the  indications  of 
the  other  results. 

If  there  was 
accord  between 
the  stratigraph- 
ical  column  and 
the  radioactive 
data,  the  latter 
should  be  ranged 
on  straight  lines 
which  necessarily 
pass  through  the 
origin  (present 
time).  We  find 
them,  however, 
ranged  upon 
curves.  I  have 
plotted  a  rather 
excessive  value  of 
the  age  of  the 
ocean  as  deter- 
mined by  solvent 
denudation,  erect- 
iog  for  this  pur- 
pose an  ordinate 
of  150,000,000  of 
years  at  the  begin- 
ning of  Algonldan 
time.  Joining  the 
summit  of  this  or- 
dinate to  the  ori- 
gin we  see  that 
the  curves  for 
helium  and  lead 
flow  into  this  line 
in  recent  periods. 

If  now  we  as- 
sume that  the 
time  indications 
of  the  lead  ratios 
are  correct,  we  are 

presented  with  the  following  alternatives  as  regards  the  amendment 
of  the  sedimentary  column. 
88734*— BM  IWl— 19 
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We  assume  that  the  stratigraphical  column  for  post-Carboniferous 
time  is  in  actuality  much  as  we  have  plotted  it,  and  draw  a  right  line 
from  the  origin  through  the  three  results  for  the  age  of  Carboniferous, 
Devonian,  and  Silurian-Ordovician  periods  as  derived  from  the  lead 
ratio.  This  is  equivalent  to  assuming  that  the  error  in  the  strati- 
graphical  record  is  to  be  sought  mainly  in  the  pre-Cambrian  records. 
We  therefore  plot  the  early  Algonkian  and  post-Jatulian  results  on 
this  line.  We  have  now  to  make  the  following  amendment  on  the 
recorded  thicknesses  of  the  pre-Cambrian  sediments.  Algonkian 
sediments  rise  from  82,000  feet  to  381,000  and  441,000  feet  (A^  or  A, 
on  the  diagram),  according  to  which  of  the  two  early  Algonkian 
results  we  select.  Eeweenawan  sediments  rise  from  50,000  feet  to 
245,000  or  359,000  feet  (K^  or  E,),  according  as  we  select  among  the 
two  Jatulian  results. 

While  it  is  true  that  important  unconformities  exist  in  the  pre- 
Cambrian  succession,  the  sedimentation  equivalents  of  which  are  not 
foimd  as  yet,  it  seems  incredible  that  amounts  of  sediments  consider- 
ably greater  than  the  entire  thickness  of  post- Algonkian  rocks  and 
from  60  to  70  miles  in  cumulative  depth  can  have  escaped  investagar 
tion.  There  is  another  point.  The  calculation  which  equates  the 
amount  of  sodium  in  the  ocean  with  the  estimated  bulk  of  the  detrital 
sediments,  knowing  the  loss  by  solution  attending  the  derivation  of 
these  from  the  average  igneous  rock,  has,  as  we  have  seen,  been  found 
to  give  results  in  fair  agreement  with  the  measurements  of  all  the 
quantities  involved.  The  radioactive  results  must  now  postulate  an 
amount  of  pre-Cambrian  denudation  much  greater  than  would  have 
attended  the  formation  of  the  whole  amount  of  sediment  previously 
estimated.  This  point  is  really  quite  apart  from  the  question  of  the 
age  of  the  ocean.  It  is  purely  one  of  loss  and  gain,  of  balance  of 
accounts.  Nor  can  evasion  of  the  difficulty  be  found  by  ascribing 
exceptionally  local  restrictions  to  pre-Cambrian  denudation.  It  is 
probable  that  none  was  more  world-wide  in  its  eflfects. 

If  these  conclusions  appear  untenable,  we  may  deal  with  the  results 
in  another  way.  The  ages  found  from  the  higher  lead  ratios  may  be 
placed  at  a  reasonable  distance  from  the  base  of  the  Cambrian  and 
joined  by  a  right  line  to  the  origin.  To  bring  them  on  to  the  line  so 
determined,  the  results  for  the  Carboniferous,  Devonian,  and  Silurian- 
Ordovician  must  be  shifted  to  the  left.  This  procedure  is  equivalent 
to  ftJMniming  that  while  the  total  thickness  ascribed  to  the  strati- 
graphical  column  is  approximately  correct,  the  proportionate  thick- 
nesses assigned  to  pre-Carboniferous  and  post-Carboniferous  strata 
are  erroneous;  too  much  has  been  assigned  to  the  latter.  The  read- 
justment of  the  strata  involves  diminishing  the  postOarboniferous 
deposits  about  50  per  cent  and  increasing  the  pre4I!arboniferou8  by 
nearly  40  per  cent. 
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The  assumptioDs  involved  in  making  these  adjustinents  are  inher- 
ently improbable,  and  it  might  be  thought  easier  to  assume  that  the 
time  values  of  the  post-Carboniferous  strata  were,  as  compared  with 
the  earlier  strata,  less.  This  emendation  requires  us  to  assume  that 
the  more  recent  materials  were  laid  down  about  three  times  as  fast  as 
the  earlier. 

These  are  the  alternative  modes  of  adjustment  of  radioactive  time 
to  the  stratigraphical  column,  leaving  the  latter  on  the  whole  intact. 
If  we  assume  that  the  recent  sediments  have  been  overestimated  in 
thickness,  we  can,  by  discarding  about  one-half  the  recorded  thick- 
nesses since  Carboniferous  time,  produce  an  effect  on  the  diagram 
equivalent  to  moving  the  origin  to  the  right.  With  this  particular 
numerical  assumption  the  lead  line  will  become  steeper  than  it  appears 
on  the  chart,  and  the  early  Algonkian  point  will  remain  at  such  a 
distance  to  the  right  of  the  Cambrian  as  will  ascribe  to  the  pre- 
Cambrian  sediments  a  thickness  equal  to  that  of  the  whole  post- 
Algonkicua  accumulation. 

The  important  question  is,  of  course,  as  to  how  far  such  assumptions 
are  permissible  consistent  with  any  degree  of  probability.  There  is 
much  that  is  uncertain  about  data  respecting  rock  thickness,  not  only 
as  regards  the  actual  field  observations,  but  as  to  the  real  significance 
of  wh&t  is  observed.  Again,  the  relative  time  equivalents  of  deposited 
rocks  are  not  really  known  to  us.  Whether  it  is  a  detrital  sediment 
forming  in  an  estuary  or  a  coral-reef  building  in  dear  water;  the  rate 
of  growth  must  depend  to  some  extent  on  the  downward  movement 
of  the  sea  bottom,  either  induced  by  the  load  or  taking  place  from 
other  causes.  Some  sediments  are,  however,  plainly  of  rapid  and 
some  of  slow  growth.  Amidst  such  considerations  we  find  no  very 
definite  grounds  for  numerical  computation.  So  far  as  crustal  yield- 
ing affects  the  question,  the  probable  inference  is,  as  I  have  stated 
above,  that  the  earlier  strata  were  in  their  greatest  development 
more  localized,  and  hence  their  time  value  should  be  less  than  the 
more  recent.  As  regards  the  vertical  distribution  of  definitely  fast 
or  slow  collecting  materials,  a  careful  comparison  of  the  materials 
throughout  the  geologic  column  is  required  in  order  to  gather  any 
evidence  that  may  be  forthcoming  from  these  indications.  At 
present,  however,  ^ere  seems  nothing  to  support  the  different  time 
values  or  amended  thicknesses  which  must  be  assumed  if  we  are  to 
adjust  the  radioactive  results  in.  any  way  to  the  sedimentary  record. 

What  will  prima  fade  appear  most  difficult  to  credit  in  the  fore- 
going assumptions  is  the  extremdy  dow  rate  which  must  be  ascribed 
to  the  accumulation  of  the  sediments  even  at  their  maTrimnm.  If 
the  recorded  depths  of  sediment  have  taken  1,400,000,000  years  to 
collect,  the  average  rate  has  been  no  more  than  1  foot  in  4,000  yearsl 
This  seems  incredible;  and  if  we  double  the  depth  of  maximmn  sedi* 
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mentation  it  still  remains  incredible.  But,  if  possible,  still  more 
incredible  is  the  conclusion  respecting  solvent  denudation  to  which 
radioactive  time  drives  us.  If  the  sodium  in  the  ocean  has  taken 
1,400,000,000  years  to  accumulate,  (he  rivers  are  now  hearing  to  ihe  sea 
aiout  fourteen  tim^s  ihe  average  percentage  of  the  past — not  less  than 
nine  times.  It  seems  quite  impossible  to  find  any  explanation  of  such 
an  increase. 

With  these  difficulties  in  view  it  is  excusable  to  direct  attention  to 
the  foundations  of  the  radioactive  method  and  ask  how  far  they  are 
secure.  The  fundamental  assumption  is  that  the  parent  radioactive 
substance,  uranium,  has  always  in  the  past  disintegrated  at  the 
present  rate.  Is  this  assured  t  I  am  not  now  suggesting  that  the 
rate  of  change  has  been  effected  by  external  physical  conditions,  such 
as  heat  or  pressure,  but  I  assume  Uiat  there  may  have  been  a  different, 
and  from  the  evidence  as  well  as  from  probability,  a  greater  rate  of 
decay  in  the  past,  arising  intrinsically,  and  ultimately  due  possibly 
to  conditions  of  origin. 

I  venture  to  suggest — ^I  do  so  with  diffidence — that  our  assiunption 
of  a  constant  rate  of  change  for  the  parent  substances — uranium  or 
thoriiun — ^is  really  without  any  very  strong  basis.  It  rests  upon 
analogy  with  the  behavior  of  the  substances  which  have  been  derived 
from  them.  But  there  may  be  a  very  profound  distinction.  The 
latter  are  of  radioactive  origin.  That  particular  distribution  of 
stability*  or  of  intrinsic  energy  among  the  atoms  of  these  bodies 
obtaining  at  the  moment  of  their  formation,  upon  which  the  subse- 
quent constant  change  rate  depends,^  may  be  conditioned  by  the 
events  of  radioactive  transformation,  or  by  their  past  history,  or  by 
both.    In  a  word,  a  radioactive  origin  may  be*  essential. 

Now  we  know  nothing  as  to  the  origin  of  the  primary  radioactive 
elements.  No  substances  of  greater  atomic  weight  are  known  from 
which  they  may  be  derived.  Nor  is  it  unphilosophic  to  assume  that 
they  have  had  some  other  mode  of  origin,  seeing  that  the  radioactive 
ascent  must  terminate  somewhere.  Uranium  can  not  be  regarded, 
therefore,  as  in  all  senses  one  of  a  series  anymore  than  we  should  regard 
lead  as  such. 

The  matter  seems  to  turn  upon  the  legitimacy  of  the  assumption 
that  the  mere  existence  of  radioactive  change  progressing  in  the  sub- 
stance involves  such  a  particular  distribution  of  instability  among 
its  atoms  as  will  insure  that  a  constant  fraction  of  these  disintegrate 
each  imit  of  time  from  their  first  origination — ^however  this  was 
brought  about — ^till  all  are  transformed.  If  such  an  hypothesis  is  not 
sufficiently  secure  to  overbear  the  opposing  evidence  we  must  agree 
to  judge  the  former  by  the  latter.    In  this  case  the  accumulation  of 

I  See  sir  J.  J.  Thomson's  Prosidenttal  Address  to  the  British  Assoolattoii,  1900. 
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transformation  products  in  minerals,  in  place  of  being  a  measure  of 
geologic  time,  serves  to  shed  light  upon  the  rate  of  transformation 
of  the  primary  radioactivb  bodies  in  the  past.  Apart  from  its  interest 
in  other  respects,  the  importance  of  such  a  conclusion  to  geologic 
science  would  be  great.  If  we  supposed  the  curve,  found  by  plotting 
the  time  results  derived  from  lead  ratios  against  the  sedimentary 
thicknesses,  represented  an  approximation  to  the  facts,  the  rate  of 
change  of  uranium  150,000,000  years  ago  may  have  been  many  times 
what  it  now  is.  The  radiothermal  effects  of  the  whole  series  must 
have  been  proportionately  increased,  and  the  convergence  of  the 
radioactivity  must  have  had  an  influence  upon  the  secular  cooling  of 
the  earth. 
July  18,  1911. 
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By  Ch.  Lallbm and,' 
President  of  the  French  A$$ociation  for  the  Advancement  of  Sciences, 


1.  PRELIMINARY  ACCOUNT. 

The  dirigible  air  balloon,  and  more  especially  the  aeroplane,  which 
are  scarcely  out  of  the  period  of  resemxsh  and  experiment,  will  soon 
mter  into  the  area  of  practical  politics.  To-day,  still  mere  instru- 
ments of  sport  or  of  military  reconnaissances,  they  will  become, 
to-morrow,  valuable  means  of  transport.  It  is  time  that  aviators 
were  given  means  for  finding  their  way,  similar  to  those  which,  for 
a  long  time,  have  existed  for  navigation  and  travel. 

Whether  on  sea,  land,  or  in  the  air,  the  pilot  has  always  before 
him  tke  same  triple  problem  to  be  solved.  He  must  from  time  to 
time — 

1.  Recognize  his  position. 

2.  Determine  the  direction  of  the  point  to  be  reached. 

3.  Rapidly  estimate  the  distance  remaining  to  be  covered. 

For  terrestrial  locomotion,  the  solving  of  these  various  problems 
was  greatly  simplified  by  producing  special  maps  for  the  use  of  trav- 
elers and  by  erecting  along  the  principal  routes  easily  visible  signs, 
such  as  milestones,  plates  indicating  the  names  and  distances  of  more 
or  less  remote  towns,  signposts  at  road  junctions,  etc.  But  the  mark- 
ing or  buoying  of  routes  presupposes  a  course  fixed  in  direction 
and  limited  in  extent.  Admirably  suited  for  travel  by  land,  this 
system  is  still,  to  a  certain  extent,  applicable  to  coasting  trade,  that 
is,  for  sea  voyages  along  coasts  or  in  estuaries.  But,  on  the  other 
hand,  for  travel  on  the  hi^  sea  this  method  is  unsuitable,  and  for 
aerial  navigation  quite  useless  in  foggy  weather  or  at  night.  In  the 
latter  case  it  is  necessaiy  to  use  a  compass.  In  spite  of  fog,  darkness, 
or  the  absence  of  marks,  the  use  of  the  compass  enables  the  pilot  to 
follow  the  desired  direction,  which  direction  has  been  previomly 

1  British  Assodatian,  Portsmouth,  September,  1911.    Reprinted  by  permission  from  The  Qeognphlcal 
Joaxnal,  London,  vol.  88,  No.  5,  Norember,  1911. 
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marked  off  on  the  map,  and,  in  the  case  of  aerial  travel,  determined 
by  a  prominent  object  on  the  horizon,  such  as  a  dock  tower,  an 
isolated  tree,  etc.  Knowing  his  speed,  the  pilot  may,  at  any  subse- 
quent time,  roughly  estbnate  the  distance  sJready  run  and  approxi- 
mately deduce  his  proper  position. 

This  position  will,  of  course,  be  very  frequently  rectified,  according 
to  the  indications  of  the  map  compared  with  the  features  of  the  terrain. 
The  aviator  will  endeavor  to  recognize  characteristic  points,  such  as 
a  high  building,  for  instance,  or  the  crossing  of  a  canal  with  a  railway 
line,  or  the  junction  of  two  rivers,  etc.  Now,  the  compass  will  not 
always  suffice.  Unknown  to  the  pilot,  a  water  current  may  cause 
the  ship  to  drift;  similarly,  an  unseasonable  change  of  wind  may 
pull  the  dirigible  or  aeroplane  out  of  its  course,  when  traveling  in 
log  or  above  the  clouds.  Both  the  seaman  and  the  aerial  pilot,  when 
opportunity  occurs,  by  the  lifting  of  the  fog  or  daylight  reappearing, 
must  recognize  their  position  and,  if  necessary,  rectify  their  route. 

For  this  the  seaman  must  make  use  of  the  sun  or  stars  and  deduce 
from  their  observation  the  geographical  coordinates,  that  is,  the  lon- 
gitude and  latitude  of  his  position.  Owing  to  the  rather  precarious 
conditions  of  the  arrangements  on  board  it  would  be  pret^  difficult 
for  airmen  to  use  this  method.  Fortunately  for  them  traveling  over 
sea  is  rather  an  exception.  They  would  be  saved  any  reckoning  by 
placing  all  over  the  country,  at  convenient  intervals,  aeroTiautical 
marks,  that  is,  by  writing,  on  the  ground  itself  or  on  the  roofs  of  build- 
ings (by  means  of  conventional  signs  or  veiy  conspicuous  numerals) 
the  longitude  and  latitude  of  the  corresponding  site.  Having  read 
thes«,  the  pilot  with  the  help  of  a  map,  would  be  enabled  to  recog- 
nize his  proper  position  and  to  reckon  the  distance  of  his  destination, 
as  well  as  its  new  orientation,  that  is,  the  inclination,  to  the  meridian, 
of  the  new  direction  to  be  followed. 

Notwithstanding  every  artifice,  however,  this  method  is  still  long 
and  difficult  enough,  and  would  only  be  useful  were  it  possible  to 
exactly  follow  the  arc  of  a  great  circle  cutting  the  pilot's  destination 
which,  as  a  matter  of  fact,  is  rendered  impossible  by  side  winds  and 
terrestrial  obstacles.  Airmen,  like  most  seamen,  will  prefer  to  mark 
off  the  point  on  a  map,  or  more  simply  to  trace  it  on  a  simplified 
sketch,  such  as  the  index  diagram  (fig.  1,  showing  the  fitting  together 
of  the  sheets  of  the  detailed  map),  upon  which  can  be  read  the 
approximation  of  both  required  elements — distance  and  orientation. 

For  instance,  an  aviator  flying  over  Bouiges  (the  town  marked  by 
a  black  point  at  the  bottom  of  sheet  72  of  the  index  diagram)  toward 
Pau  (black  dot  in  the  lower  half  of  sheet  39)  would  at  once  see  that 
the  distance  remaining  to  be  covered  is  nearly  equal  to  4.25^  of 
latitude  measured  on  the  diagram.  Each  degree  being  67  miles  long, 
the  required  distance  would  be  roughly  285  miles.    Moreover,  the 
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direction  to  be  followed  is  26®  to  27®  W.  of  the  meridian  to  the  south, 
say,  magnetic  S.  40®  W.  (the  magnetic  declination  at  Bourges  being 
13.5®  W.).  The  compass  should  therefore  show  the  complement, 
say,  N.  140®  W. 

If  necessary,  this  diagram  could  even  sujffice  for  traveling.  A 
straight  line  having  been  drawn  joining  starting  point  and  destina- 
tion, the  pilot  can  see  that  his  way  will  run  successively  right  across 
the  upper  left  angle  of  sheet  62,  then  cross  the  lower  half  of  sheet  61, 
thereafter  cut  the  upper  edge  of  sheet  51  about  the  center,  pass 
through  the  right-hand  comer  of  the  lower  half  of  sheet  60,  cut  diago- 
nally a^oss  sheet  40,  graze  the  upper  left  comer  of  sheet  30,  and 
finally  end  about  the  middle  of  the  lower  half  of  sheet  39. 

Let  ua  suppose  that  at  any  moment  the  pilot  observes  on  the  ground 
below  a  mark  similar  to  that  of  figure  2,  with  the  two  figures  5  and  0 
on  either  side,  respectively,  and  with  a  large  dot  occupying  the  proper 
position  of  the  town  of  Angoul6me  in  the  upper  part  of  sheet  50  of 
the  index  map.  He  would  at  once  conclude  that  he  had  deviated 
to  the  right  of  his  route,  and  after  a  rough  estimation  he  would  incline 
25®  to  30®  to  the  left.  But,  in  every  case,  a  detailed  map  would  be 
necessary  for  landing. 

Having  examined  many  systems,  the  permanent  committee  for 
aerial  navigation  of  the  pubUc  works  department  of  the  French  Gov- 
ernment recently  proposed  for  this  map  and  for  aeronautical  signs 
the  following  solutions  that  seem  to  be  the  simplest  ones  and  also 
the  most  likely  to  be  adopted  by  other  countries: 

2.  AIR  MAP. 

In  order  to  attain  the  required  object  and  to  keep  to  the  necessary 
clearness,  an  air  map  must  show  only  the  details  required  by  airmen, 
either  for  finding  their  way  or  for  landing. 

To  the  first  category  belong  the  characteristic  geographical  features 
of  the  terrain,  such  as  railways,  main  roads,  channels,  streams  and 
rivers,  lakes,  forests,  bushes,  dumps  of  isolated  trees,  large  areas  of  a 
similar  cultivation,  large  boroughs  with  their  outline  and  principal 
streets,  chimneys  of  factories,  clock  towers,  high  towers,  and,  briefly, 
all  objects  liable  to  attract  the  attention  of  the  pilot  from  a  distance, 
either  by  means  of  their  shape,  dimensions,  color,  or  situation. 

To  the  second  category  belong  turf  pits,  thick  hedges,  irrigation  or 
drainage  canals,  electrical  power  lines  traversing  fields,  and  generally 
all  objects  liable  to  impede  landing;  and,  in  addition,  gasometers, 
aerodromes  and  sheds  where,  if  necessary,  refuge  or  help  could  be 
obtained. 

In  the  opinion  of  all  competent  authorities,  the  scale  of  .1  to 
200,000  seems  to  be  the  most  convenient  one.  On  a  smaller  scale 
the  map  would  be  less  clear;  on  a  larger  scale  unwieldy  without 
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Fio.  1.— Index  diagram  showing  fot  France  the  sheet  lines  of  the  Air  Map. 

-  Limits  of  the  sheets  of  the  Air  Kap. 

-  Limits  of  the  sheets  of  the  World  Jiap. 


37. . .  .72  Numbers  of  the  sheets  PAU  ....  BOUROES,  etc. 
30, 31, 32  Numbers  of  the  sectors  of  the  World  ICap. 
K,  Jj,  H  Letters  of  Zones  of  the  World  Hap. 

#      Chief  towns  of  Departments. 
Itinerary  firom  Bonrgee  to  Pan. 


3 


9 


Fio.  2.— Aeronautical  mark. 

Erected  on  the  roof  of  a  building  In  the  environs  of  Pau,  which  occupies,  in  the  lower  half  of  sheet  jf9, 
the  rel%tiTe  position  represented  by  the  laige  dot,  both  on  the  above  firame  and  on  the  index  dlAgram  (ifig.  1). 

The  coordinates  of  the  SW.  comer  of  the  sheet  39  are:  133"*  south  polar  distance  and  ITS'*  new  longitude 
£.  reckoned  ihim  meridian  180*  E.  or  W.  of  Greenwich  (that  is,  43"*  lat.  N.  and  I'iong.  W.  of  Oreenwleh). 
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appreciable  advantage.  In  many  countries  maps  on  this  scale 
already  exist,  but  having  been  produced  with  special  objects,  either 
economical  or  strat^cal,  they  only  imperfectly  satisfy  the  wants 
of  airmen.  A  new  special  map  is  therefore  necessary.  A  provisional 
model,  submitted  by  the  Aero  Club  of  France,  showing  specially  the 
typical  buildings  by  their  profile  in  black,  was  adopted  by  the  com- 
mittee. 

At  my  suggestion  it  was  decided  that  the  new  map  should  be  a 
subdivision  of  the  International  Map  of  the  World,-  on  a  scale  of  1 
to  1,000,000,*  for  the  production  of  which,  on  the  happy  initiative 
of  England,  a  common  agreement  was  recently  arrived  at  between 
the  principal  States  of  the  civilized  world. 

The  "world  map''  would  furnish  index  diagrams  for  the  fitting 
together  of  the  sheets  of  the  "air  map,*'  It  would  also  be  useful 
for  drawing  up  schemes  for  long  journeys,  or  for  measuring  the  dis- 
tance between  two  widely  separated  points  and  obtaining  the  orienta- 
tion of  the  line  adjoining  them. 

The  "world  map"  is  to  be  designed  with  the  meter  as  unit  of 
lengths,  and  the  meridian  of  Greenwich  as  origin  of  the  longitudes. 
The  sheets  are  limited  by  meridians  drawn  out  at  successive  intervals 
of  6®,  extending  from  Greenwich,  and  by  parallels  traced  out  at  suc- 
cessive intervals  of  4®,  reckoning  from  the  Equator. 

The  meridian  sectors,  from  longitude  180°  east  or  west  of  Greenwich, 
are  given  numbers  from  1  to  60,  increasing  in  an  easterly  direction. 
The  zones,  extending  from  the  Equator  on  each  side  to  88°  latitude, 
are  given  letters  from  A  to  V  preceded  by  the  words  "north  or  south." 
The  polar  areas  are  lettered  Z.  Each  sheet  shall  bear  the  name  of 
the  locality  or  most  important  geographical  feature  on  the  territory 
represented,  and  in  addition  the  number  of  the  sector  and  the  letter 
of  the  zone  crossing  each  other  on  the  sheet  in  question .  For  example,  ' 
the  sheet  of  Paris  will  be  named  "North  M.  31." 

For  each  sheet  the  corresponding  part  of  the  terrestrial  ellipsoid 
is  represented  by  a  modified  polyconic  projection  constructed  on  its 
central  meridian.  The  meridians  are  straight  lines  and  the  parallels 
arcs  of  circles  the  centers  of  which  lie  on  the  prolongation  of  the  cen- 
tral meridian,  so  that  the  radius  of  each  one  is  equal  to  the  generatrix 
of  the  cone  tangent  to  the  ellipsoid  along  the  corresponding  parallel. 
The  alterations  of  angles,  distances,  and  areas  are  practically  small 
enough  to  be  neglected. 

On  the  other  hand,  the  sheets  of  the  air  map  will  be  limited  by 
meridians  and  parallels  at  successive  intervals  of  1°,  reckoned  from 
the  same  origins  as  for  the  worid  map.  Each  sheet  should  cover  an 
area  of  1°  of  longitude  and  1°  of  latitude.  Twenty-four  sheets  of  this 
map  will  therefore  cover  the  same  area  as  the  corresponding  sheet  of 

1  That  Is  not  to  say  that  the  air  map  will  be  an  exact  ampliflcation  of  the  world  map,  but  nearly  so. 
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the  world  map  on  the  scale  of  1 :  lyOOO^OOO.  As  the  scale  is  five  times 
as  large,  each  of  these  sheets  will  be  of  approximately  the  same  dimen- 
sions as  the  corresponding  sheet  of  the  1 :  1,000,000  map. 

It  is  necessary,  however,  to  introduce  a  more  simple  method  of 
notation.  It  is  customary  to  distinguish  between  longitudes  east 
and  west  of  the  initial  meridian  and  between  latitudes  north  and 
south  of  the  Equator.  The  nomenclature  of  the  latitude  and  longi- 
tude therefore  changes  as  one  passes  across  either  of  these  lines  of 
origin.  In  other  words,  degrees  of  longitude  increase  to  the  right 
or  left  from  the  initial  meridian  and  degrees  of  latitude  increase  both 
north  and  south  from  the  Equator.  This  notation  is  apt  to  cause 
trouble. 

In  order  to  overcome  this  disadvantage,  the  committee  at  my  sug- 
gestion has  decided  to  number  the  longitudes  from  0°  to  360^  in  an 
easterly  direction,  commencing  from  longitude  180^  east  or  west 
of  Greenwich,  and  to  substitude  for  latitudes  polar  distances  meas- 
ured from  the  South  Pole  and  reading  from  0°  to  180*^.  This  is  done 
in  order  that  in  the  Northern  Hemisphere,  in  which  are  situated  most 
of  the  inhabited  countries,  the  niunber  may  increase  as  usual  from  the 
Equator  northward.  Moreover,  in  the  Northern  Hemisphere  the 
units  of  degrees  would  be  the  same  for  a  south  polar  distance  as  for 
the  corresponding  latitude.  The  units  of. the  longitude  thus  adopted 
will  be  the  same,  between  180°  and  360°,  as  they  are  now  for  longi- 
tudes east  of  Greenwich.  The  tens  of  degrees,  in  the  case  of  south 
polar  distances,  will  be  increased  by  9  units,  and  in  the  case  of  longi- 
tudes east  of  Greenwich  by  18  units. 

In  the  Southern  Hemisphere  the  polar  distances  will  be  the  comr 
plements  of  the  corresponding  latitudes,  and  in  the  hemisphere 
extending  from  0°  to  180°  of  longitude  the  new  longitudes  of  places 
will  be  the  supplements  of  the  present  longitudes  west  of  Greenwich. 
In  addition  to  the  usual  notations,  these  new  ones  should  be  printed 
on  the  world  map  and  on  the  index  diagram,  figiu^  1. 

Each  sheet  of  the  air  map  will  bear  the  name  of  the  most  important 
locaUty  on  the  area  covered  by  it  and  shall  be  numbered  by  the 
coordhiates  of  its  southwestern  cpmer.  This  number  shows  the 
number  of  degrees  of  longitude  and  ^outh  polar  distances  in  the 
coordinates  of  any  point  in  the  sheet,  and  in  order  to  obtain  the  com- 
plete coordinates  of  any  given  point  it  will  be  sufficient  to  add  to  these 
figures  the  tenths  of  degrees  or  minutes  obtained  from  the  marginal 
scales. 

The  air  map  will  be  constructed  on  the  same  modified  polyconic 
projection  as  that  used  for  the  world  map.  Each  sheet  shall  be  56 
centimeters,  or  22  inches,  high  and  from  41  centimeters  to  34  centi- 
meters broad  (in  France).  The  corresponding  breadth  near  London 
would  be  12  inches.    Each  sheet  in  France  would  therefore  cover  an 


Digitized  by  CjOOQ  IC 


INTEBNATIONAIi  AIB  MAP^^LAUJ£MANI>.  801 

area  of  1 1 1  kilometers,  or  67  miles,  north  and  south  and  from  82  to  68 
kilometers  (61  to  41  miles)  east  and  west. 

In  this  system  the  distortion,  which  increases  as  the  square  of 
the  distance  from  the  central  meridian,  would  be  36  times  as  small 
in  the  air  map  as  in  the  world  map,  since  a  sheet  of  the  air  map  covers 
only  1®  of  longitude  instead  of  6*^.  As,  however,  the  scale  of  the  air 
map  is  five  times  as  large,  the  errors  from  this  soxirce  are  reduced  to 
one-seventh  of  those  in  the  world  map. 

In  order  to  facilitate  handling,  each  sheet  should  be  cut  in  half, 
the  cutting  lines  running  east  and  west,  each  half  measuring  some  28 
by  38  centimeters  (11  by  15  inches).  The  two  half  sheets  should  be 
pasted  on  either  side  of  a  piece  of  cardboard,  and  should  have  the 
name  and  number  of  the  sheet  shown  in  a  conspicuous  manner. 

The  Aero  Club  of  France  have  prepared,  this  year,  three  trial 
sheets  of  this  map,  covering  the  area  to  be  tised  in  the  next  military 
maneuvers,  with  a  view  to  obtaining  the  remarks  of  the  aviator 
officers  previotis  to  publishing  a  final  edition. 

3.  AERONAUTICAL  MARKS. 

As  has  been  previously  mentioned,  each  mark  shall  show  the 
approximate  longitude  and  polar  distance  of  the  point  over  which 
the  aviator  is  flying.  The  sign  adopted  by  the  committee  consists 
of  half  a  rectangle  (fig.  2)  reproducing,  on  a  sufficiently  large  scale, 
the  frame  of  the  half  sheet  of  the  air  map  in  which  the  mark  lies. 
The  sides  of  this  frame  appear  as  broad  lines,  except  the  side  where 
the  cut  is,  which  is  shown  by  a  fine  dotted  line;  thus  it  is  easy  to 
distinguish  between  the  upper  and  lower  halves  of  a  sheet.  In  this 
frame  a  large  black  dot  will  indicate  the  correct  position,  on  the  sheet, 
of  the  mark  of  the  ground. 

The  half  rectangle  is  correctly  oriented,  the  small  sides,  parallel 
to  the  meridians,  being  due  north  and  south. 

Two  large  figures,  reading  toward  the  north,  will  be  marked  on 
either  side  of  this  rectangle,  the  left  one  giving  the  number  of  the 
units  of  degrees  of  the  polar  distance,  and  the  right  one  the  number 
of  the  units  of  degrees  of  the  longitude. 

The  combination  of  these  two  figures,  forming  a  number  easy  to 
read  and  remember,  will  be  sufficient  to  define  the  nxmiber  of  the 
corresponding  sheet  of  the  map,  and  to  give  the  rough  coordinates 
of  the  mark  itself.  In  every  case  where  confusion  might  exist,  each 
of  the  figm^es  should  be  imderlined. 

Owing  to  the  absence  of  the  digits  showing  the  himdreds  and  tens 
of  degrees  of  longitude  and  polar  distance,  any  two  marks  which  are 
10^  or  a  multiple  of  10^  apart  will  have  the  same  number.  The 
disadvantage  of  this  would  not  be  of  groAt  importance.  For  an 
airman  to  confuse  two  such  marks  would  mean  that  he  would  mak» 
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an  error  of  10^  of  either  longitude  or  latitude.  In  latitudes  between 
40®  and  50®  this  error  would  amount  to  1,100  kilomaters  (700  miles) 
of  latitude,  or  from  700-SOO  kilometers  (400-500  miles)  of  longitude. 

In  an  area  covering  the  whole  of  France,  only  the  extreme  points 
of  Brittany  and  the  Yosges  will  have  marks  shovHuig  the  same  num- 
bers. Consider,  for  instance,  ii\e  marks  numbered  39  in  the  environs 
of  Pau.  The  same  number  as  this,  on  land,  would  not  occur  again 
nearer  than  points  in  Algeria,  England,  Belgrade,  or  Hamburg,  and 
would  not  appear  at  all  in  Spain  or  Italy.  To  mistake  such  diBsimilar 
coimtries  would  be  practically  impossible. 

To  determine  the  correct  coordinates  of  a  mark,  an  aviator  woidd 
only  have  to  add  to  the  number  shown  the  hundreds  and  tens  of 
degrees  of  polar  distance  and  longitude.  The  remainder,  with  an 
error  of  perhaps  a  tenth  of  a  degree  (or  a  few  minutes),  could  be  esti- 
mated by  examining  the  position  of  the  dot,  with  reference  to  the 
sides  of  the  mark.  The  position  of  the  mark  could  thus  be  estimated 
with  an  error  of  less  than  10  kilometers  (6  miles)  in  either  direction. 

4.  (X>NCLUSION. 

The  initiative  thus  taken  by  France  in  producing  an  air  map  and 
establishing  aeronautical  marks  will  very  probably  be  followed  by 
other  countries.  In  such  a  case  it  would  be  necessary  to  have  an 
international  agreement  to  give  definitely  the  conventional  signs  of 
the  air  map  and  other  details. 

In  May  last  the  cartographical  committee  of  the  International 
Aeronautical  Federation,  which  met  in  Brussels  to  consider  such 
questions,  adopted  in  principle  the  meridian  of  Greenwich  as  the 
origin  of  the  longitudes,  a  scale  of  1 :  200,000  for  the  air  map,  and  for 
the  limits  of  the  sheets,  meridians  and  parallek  one  degree  apart, 
starting  from  Greenwich  and  the  Equator,  and  decided  that  electrical 
power  lines,  which  are  so  dangerous  for  airships  and  aeroplanes 
when  landing,  should  be  shown  on  the  map. 

As  regards  the  aeronautical  marks,  this  committee  did  not  venture 
to  select  any  one  system  out  of  the  numerous  ones  that  were  pro- 
posed, and  only  suggested  that  the  names  of  the  respective  localities 
should  be  marked,  in  large  letters,  on  rooyb,  especially  on  those  of 
railway  stations.  As  many  stations,  however,  would  thus  show  the 
same  name,  this  would  be  a  source  of  error  and  confusion;  in  addition 
to  this,  the  aviator  would  have  to  consult  a  dictionary  of  names  of 
boroughs,  in  order  to  find  the  number  of  the  sheet  of  the  air  map  which 
he  requires.  A  system  o!  marks  showing  the  cutting  lines  of  the 
sheet  concerned,  together  with  an  abbreviated  diatii^;u]shing  number, 
seems  to  be  much  more  precise,  significant,  and  certiin.  It  is  there- 
fore to  be  hoped  that  sooner  or  later  this  system  will  be  univeEsally 
adopted. 
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GEOLCXJIC  WORK  OF  ANTS  IN  TROPICAL  AMERICA.* 

[With  1  plate.] 


By  J.  C.  Brannbr. 


INTRODUCTORY. 

In  1900 1  published  a  short  paper  on  the  geologic  work  of  ants  in  the 
Tropics.*  Since  then  a  good  many  additional  observations,  notes,  and 
photographs  have  been  made,  and  the  most  important  of  them  are 
here  brought  together  in  a  single  article. 

There  are  many  brief  notes  on  the  work  of  ants  scattered  through 
the  writii^  of  travelers  in  tropical  countries,  but  these  notes  are  for 
the  most  part  repetitions  of  rather  vague  and  sensational  stories 
which  make  no  claim  to  accuracy  of  statement,  so  that  they  would  add 
little  or  nothing  to  the  value  of  the  article.  No  attempt  has  there- 
fore been  made  to  use  such  notes  except  in  so  far  as  they  seem  to 
afford  new  or  important  corroborative  evidence.  At  the  same  time 
it  is  realized  that  some  of  the  things  that  ants  do  in  tropical  countries 
are  so  remarkable  that  those  who  have  no  personal  experience  of 
them  may  be  pardoned  for  regarding  the  stories  told  about  them  with  a 
certain  amount  of  suspicion.  For  this  reason  I  have  confined  myself 
to  my  own  observations  and  to  some  of  our  most  trustworthy  scientific 
writers,  such  as  Bates,  Belt,  and  Spruce,  who  are  naturalists  to  be 
taken  seriously. 

The  best  anyone  can  do  who  has  not  seen  the  work  of  ants  in  trop- 
ical countries  is  to  turn  to  what  can  be  seen  in  temperate  regions. 
But  the  work  done  by  ants  in  temperate  zones  is,  with  a  few  excep- 
tions, of  no  geologic  importance  at  all  as  compared  with  that  done 
by  them  in  some  parts  of  the  Tropics. 

The  work  of  the  ants,  in  so  far  as  it  is  of  geologic  importance,  con- 
sists chiefly  of  their  nests,  habitations,  refuse  heaps,  or  mounds,  above 
ground  and  their  burrows,  tunnels,  passageways,  and  other  excava- 
tions beneath  the  surface,  and  the  opening  up  of  the  soil  and  the 
subjacent  rocks  to  the  various  atmospheric  influences. 

1  Bflttd  b«foKe  tli«  CoftUllerto  BeotHm  of  t3i«  Oeologfcal  6ool6ty  of  America  Var.  25, 1910.  UaooNdpt 
received  by  secretary  of  the  society  Apr.  29, 1910.  FubUsbed  Aug.  20, 1910.  Eeprinted  by  pennission 
(flondenwed  by  author)  from  Bulletin  of  tha  Oeo  ogtoal  Booiety  of  AxoMUm,  vol.  21,  ^.itt-#6. 

•  Joonial  of  Geology,  voL  8,  pp.  151-1£8.   Chicago,  1900. 
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In  the  United  States  we  have  very  little  evidence  of  ants  making 
either  underground  passageways  or  mounds  of  sufficient  size  or 
extent  to  have  attracted  much  attention.  Indeed,  it  ^eems  to  be 
generallj  conceded  bj  entomologists  that  the  ants  of  the  northern 
part  of  North  America  are  not  as  enterprising  as  those  farther  south, 
or  even  as  those  of  Europe.  Forel  seems  to  have  found  the  structures 
of  our  North  American  ants  so  insignificant  that  he  avoided  speaking 
of  them  as  having  mounds  at  all.  Certainly  the  little  ant  hills  we 
have  seen  in  most  parts  of  the  United  States  are  too  insignificant  to 
attract  the  attention  of  geologists.  In  the  South  and  Southwest 
they  are  somewhat  more  conspicuous,  and  in  the  semiarid  portions  of 
western  Texas  and  in  Arizona,  New  Mexico,  and  parts  of  California 
they  have  attracted  not  a  little  attention. 

The  western  halves  of  Oklahoma,  Kansas,  and  Nebraska  and  the 
eastern  portion  of  Colorado  are  inhabited  by  mound-building  prairie 
ants  that  are  sufficiently  abundant  and  sufficiently  pugnacious  to 
have  attracted  the  attention  of  farmers  and  entomolc^ts,  if  not 
geologists.* 

In  the  Western  States  generally  ants  are  more  abimdant  than  they 
are  in  the  East,  but  a  writer  on  the  ant  hills  of  southwestern  Wisconsin 
says  that  in  that  part  of  the  coimtry  he  knows  at  least  a  hundred 
so-called  ant  hills  within  a  radius  of  5  miles,  and  he  appears  to  regard 
this  number  as  quite  striking.  Their  mounds,  he  says,  are  as  much 
as  75  centimeters  in  diameter  and  40  centimeters  in  height.'  These 
cases  are  mentioned  simply  for  the  purpose  of  contrasting  the  size 
and  number  of  ant  hills  in  a  region  that  seems  to  be  regarded  as 
pretty  thickly  inhabited  with  some  of  the  typical  localities  in  the 
tropical  portions  of  South  America. 

Furthermore,  in  the  tropical  parts  of  America  ants  are  not  the 
simple  and  easily  ^ored  insects  with  which  we  are  acquainted  in  the 
temperate  zones  of  the  earth.  Save  in  the  cities,  they  are  almost 
omnipresent.  To  the  housekeeper  they  are  not  only  never-sleeping 
pests,  but  they  are  bold  and  defiant  robbers  or  sneak  thieves,  as  cir- 
cumstances require  or  permit.  To  the  planters  they  are  veritable 
plagues;  they  destroy  the  growing  crops  as  completely  as  if  they  had 
been  burned  over.  They  do  not  wipe  out  a  field  of  grain  in  a  few 
hoius  as  completely  as  do  the  locust  swarms  of  Argentina,  and  then 
disappear,  but  they  stay  with  their  work  right  alongside  of  the  crops, 
and  with  time  they  destroy  them  no  less  certainly.  Unlike  the 
locusts,  they  do  not  come  and  depart,  but  they  stay  right  in  one  cir- 
cumscribed area  all  their  lives.  Farinha  de  mandioca,  the  meal  pre- 
pared from  the  cassava  plant,  or  grain  of  any  kind  and  of  a  size  small 

^  T.  J.HeadlMandOeorgeA.Dean:  The  moond-boflding  prairie  ant  (Pogowtfiny rwwi  ocritoilttgy  Creeeon). 
BuU  154,  Kansas  AgrloultxinaExpedmeiitBtatloii.   Manhattan,  1906. 
s  Hermann  ICaokenoann:  Psyoh^  yol.  9,  pp.  350-360.   Boston,  1902. 


Digitized  by  CjOOQIC 


«BOL0GI0  WOBK  OF  AKTB — ^B&ANNEB.  805 

enou^  for  them  to  cany,  require  to  be  guarded  with  constant  care. 
I  have  known  entire  babuls  of  farinha  de  mandioca  to  be  carried 
away  by  them.  In  short,  the  inhabitants  have  to  be  constantly  on 
their  guard  f^ainst  the  ants,  both  indoors  and  out  of  doors,  to  say 
nothing  of  the  mere  inconvenience  of  their  presence.  Nor  can  their 
importance  be  regarded  as  whimsical  in  any  sense;  indeed,  I  am 
convinced  that  they  are  social,  and  even  national,  factors  that  are 
not  to  be  ignored. 

Nothing  in  the  way  of  a  biologic  or  systematic  study  of  tropical  ants 
is  attempted  in  the  present  paper.  However  valuable  such  a  study 
might  be,  it  is  the  number  of  individuals,  rather  than  the  number  of 
species,  that  concerns  the  geologists,  thou^  it  is  recognized,  of  course, 
that  some  species  are  much  more  active  agents  than  others.  We  need 
concern  ourselves  with  only  two  large  orders — the  true  ants  belonging 
to  the  Hymenoptera,  and  the  termites,  or  so-called  white  ants,  neurop- 
teroid  insects  which  belong  to  the  hoptera,  and  are  known  all  over  Brazil 
by  the  popular  Indian  name  of  ''cupim."  And  nothing  is  attempted 
in  the  way  of  a  study  of  the  architecture  of  their  nests  and  under^ 
groimd  passages,  save  in  so  far  as  such  details  will  give  a  better  idea 
of  the  geologic  bearing  of  these  matters. 

In  studying  the  work  of  ants  in  the  Tropics  one  is  constantly 
reminded  of  Mr.  Darwin's  studies  of  the  work  of  earthworms.  Mr. 
Darwin  was  able  to  give  the  quantitative  results  of  his  studies;  in 
the  case  of  the  ants,  unfortimately,  quantitative  results  have  not  been 
possible.  The  time  occupied  by  them  in  doing  a  given  amoimt  of 
work  varies  so  much  that  quantitative  observations,  in  order  to  have 
any  value,  would  have  to  be  carried  on  upon  many  colonies  and  for  a 
long  period  of  time.  The  results  given  at  page  316  are  an  attempt  at 
quantitative  determination,  but  it  will  be  observed  that  it  is  not 
known  how  many  individuals  took  part  in  the  work  or  how  long  they 
were  at  it. 

To  illustrate  this  article  especial  pains  have  been  taken  to  get  as 
many  photographs  and  sketches  as  possible  of  the  above-groimd 
structures  of  ants  and  termites,  and  the  accompanying  illustrations 
have  been  carefully  made  from  photographs,  most  of  them  taken  in 
Brazil.  It  seemed  better  to  have  the  drawings  made  rather  than  to 
use  the  original  photographs,  in  spite  of  the  evident  suspicion  of 
exaggeration  or  alteration,  whether  intentional  or  accidental,  to 
which  all  drawings  are  open.  This  redrawing  was  the  more  necessary 
because  the  photographs  were  taken  hastily  and  under  many  unfavor- 
able circumstances,  and  they  are  therefore  often  not  good,  or  they  are 
not  available  for  reproduction  as  photographs.  Abundant  illustra- 
tions are  given  because  it  is  felt  that  they  are  the  most  trustworthy 
witnesses  one  can  put  in  evidence  r^arding  the  subject. 
38734*^— 8M  1911 20 
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THE  TRUE  ANTS. 
ABUNDANCE. 

Althoiigh  ants  are  not  everywhere  equally  abundant  in  tropical 
South  America,  their  numbers  are  so  large  on  an  average  as  to 
promptly  attract  the  attention  of  travelers,  even  when  they  do  not 
excite  their  wonder.  Residents,  who  might  be  expected  to  have  con- 
servative views  on  the  subject,  often  speak  of  them  as  the  owners  of 
the  land.  Such  a  remark  is  at  first  r^arded  as  merely  facetious,  but 
the  character  of  some  of  the  writers  who  make  it  entitles  it  to  serious 
consideration.  As  long  ago  as  1648  Piso  said  that  the  Portuguese  not 
inappropriately  called  the  ant  the  ''king  of  BraziL"  ^ 

Another  naturalist  who  spent  some  time  in  the  country  says, 
''Bra2dl  is  one  great  ants'  nest." '  Belt  says,  ''They  are  one  of  the 
greatest  scourges  of  tropical  America/' ' 

A  Brazilian  traveler  says  of  the  region  of  the  upper  Bio,  Paraguay, 
"The  ant  and  the  different  kinds  of  termites  own  tixe  land.''^ 
Another  puts  it  in  this  fashion:  "•  •  •  ants  .  .  .  deserve  to 
be  considered  the  actual  owners  of  the  Amazon  Valley  far  more  than 
the  red  or  the  white  man."  • 

These  characterizations  and  others  that  might  be  given  are  so 
sweeping  that,  taken  alone,  they  are  open  to  the  suspicion  of  being 
merely  picturesque  and  extravagant  ebullitions  rather  than  serious 
statements  of  fact.  If  they  are  based  on  some  knowledge  of  the  ants, 
these  expressions  seem  to  spring  from  more  or  lees  personal  animosity 
toward  those  insects.  And  yet  this  very  animosity,  if  it  really  exists, 
must  come  from  a  pretty  uniform  personal  experience  of  them.  Dr. 
Auguste  Forel  says  that  "the  ant  fauna  of  South  America  is  perhaps 
the  richest  in  the  world  from  the  systematic  point  of  view."  •  In  the 
book  cited  440  species  of  true  ants  are  noted  as  inhabiting  Brazil,  out 
of  a  total  of  2,000  known  in  the  world. 

But  though  it  is  with  the  number  of  individuals  rather  than  the 
number  of  species  that  we  are  concerned,  it  is  worth  remembering  that 
in  many  considerable  regions  a  single  species  may  occupy  about  all  the 
groimd  space  that  it  is  possible  for  ants  to  occupy.  A  single  species 
may  thus  fairly  swarm  and  do  a  vast  deal  more  work  than  several 
different  species. 

The  true  ants,  evidently  of  a  lai^e  number  of  species,  are  so 
abundant  and  are  such  serious  pests  in  some  places  that  the  land  is 

1  FonnlcnD  vitom  hm  {Beg  do  BnM  Lusitanis  son  Immerito  dJot»,  qood  pspetaam  tynimidem  «aar- 
oeant)  aUqa»  BaropsBanun  plane  similes,  allqiue  triplo  maions  dc  aU^  omniTons  sunt. 
DeAertbus^Aquis,  ALods.   Ovlllelml  Pisonia  Hlstorie  Nataralls  A  VedJos,  p.  9.   Amftvdam,  1608. 
>  Bev.  H.  Clark:  Letters  home  from  Spaiiii  etc.,  pp.  131. 178.   London,  1807. 
i  Thomas  Belt:  The  naturalist  in  Nloaracos,  p.  79.   London,  1874. 
«  Dr.  Jo&o  Severiano  da  Fonaeca.  Viagem  ao  redor  do  Brazil,  rcL  1,  p.  8S2.    Bio  da  JaMiro,  1880. 

•  Bichard  Spraoe:  Notes  of  a  botanist  on  the  Amason  and  Andes,  voL  3,  p.  860.   London,  1908. 

*  A.  Forel:  A  fauna  das  formigas  do  BradL    BoL  do  McBea  Paraeose,  vol.  1,  p.  89.    Para,  189B. 
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practically  preempted  by  them.  Travelers  passing  the  night  in  the 
open  have  to  be  constantly  on  their  guard  agarnst  colonies  of  ants. 
Fighting  such  colonies  under  the  circumstances  is  simply  out  of  the 
question.  When  one  finds  himself  in  disagreeable  proximity  to  them, 
the  only  thing  to  be  done  is  to  move  at  once  and  leave  the  ants 
masters  of  the  situation. 
Bates,  speaking  of  a  certain  species,  says  (page  364) : 

Theee  Ecitone  are  seen  in  the  pathways  of  the  forest  at  all  places  on  the  banks  of  the 
Amazons,  traveling  in  dense  columns  of  countless  thousands. 

On  the  Rio  Tapajos,  in  the  Amazon  Valley,  he  noted  the 

quantity  of  drowned  winged  ants  along  the  beach;  they  were  all  of  one  species,  the 
terrible /omiiga  de  fogo  (Myrmica  sctvismma),  the  dead  or  half-dead  bodies  of  which 
were  heaped  up  in  a  line  an  inch  or  two  in  height  and  breadth,  the  line  continuing 
without  interruption  for  miles  at  the  edge  of  the  water.  The  countless  thousands  had 
been  doubtless  cast  into  the  river  while  fl3dng  during  a  sudden  squall  the  nig^t  before, 
and  afterwards  cast  ashore  by  the  waves.  ^  .  .  .  I  was  told  that  this  wholesale 
destruction  of  ant  life  takes  place  annuaUy,  and  that  the  same  compact  heap  of  dead 
bodies  which  I  saw  only  in  part  extends  along  the  banks  of  the  river  for  12  or  15  miles 
(op.  cit.,  p.  206). 

I  have  seen  similar  accumulations  of  dead  female  ants  on  the  lower 
Sao  Francisco  and  the  Rio  Paraguay,  near  Corumba,  and  at  two 
places  on  the  shores  of  estuaries  near  Aracaju,  in  the  State  of  Sergipe. 

Bates  says  theformiga  defogo,  or  fire  ant,  was  so  abundant  at  one 
place  on  the  Tapajos  that  there  was  scarcely  a  square  inch  of  ground 
free  from  them.     (Op.  cit.,  p.  202.) 

The  only  %ures  I  am  able  to  give  in  regard  to  the  sizes  of  ant 
colonies  are  the  estimates  given  by  Azevedo  Sampaio,  a  Brazilian 
entomologist  who  has  studied  the  sa^ihds.  He  estimates  the  colonies 
at  from  175,000  to  600,000  individuals.* 

DESTBUOnVENBSS. 

The  destruction  vnx^ught  by  the  true  ants  is  confined  chi^y,  but 
not  entirely,  to  agricultural  products.  It  is  no  uncommon  thing  to 
find  spots  where  certain  ants  are  so  abundant  and  so  destructive  that 
the  planters  simply  leave  them  alone.  Sometimes  it  happens  that 
after  clearing  a  piece  of  land,  and  beginning  their  planting,  the  farmers 
find  the  ants  so  destructive  that  those  particular  fields  are  abandoned. 
In  the  coffee  regions  certain  ants,  popularly  known  as  the  sa'&bas, 
are  so  destructive  that  a  systematic  and  unceasing  war  has  to  be  waged 
upon  them  in  order  to  save  the  coffee  trees.  But  their  attacks  are 
not  confined  to  coffee  trees  by  any  manner  of  means.  They  cut  and 
carry  away  the  leaves  of  the  mandioca  plants,  orange  and  lemon  trees, 

1 H.  W.  Bates:  The  natonUist  on  the  River  Amaioos.  4th  ed.,  p.  201.    London,  1875. 
t  Axevedo  Sampaio:  Sauva  ou  Manhu-uAra,  pp.  50, 54.    S.  Paulo,  1894. 
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and  all  kinds  of  garden  yegetaUes.  Indeed,  there  seem  to  be  very  few 
or  no  cultiyated  plants  that  they  do  not  attack. 

They  generally  move  along  well-beaten  paths  that  are  almost  as 
wide  and  as  well  defined  as  sheep  paths  in  a  pasture. 

The  expense  of  fighting  these  ants  is  a  really  serious  item  in  the  cost 
of  the  production  of  Brazilian  coffee.  A  distinguished  Brazilian 
planter  says,  with  perfect  justice,  that  ^' among  the  obstacles  with 
which  the  planters  have  to  contend  *  *  *  there  stands  peiiiape 
in  the  front  rank  the  deetructiye  force  represented  by  the  sa{Aa.  *'  ^ 

One  can  get  some  idea  of  the  economic  importance  of  ants  in  Bra2al 
from  the  fact  that  in  the  seventies  and  early  eighties  an  enormous 
number  of  privileges  or  patents  were  asked  of  the  Brazilian  Govern- 
ment for  machines  and  devices  of  various  kinds  for  killing  ants,  and 
especially  the  sa^ihas. 

In  1857  the  Province  of  Rio  de  Janeiro  voted  a  reward  of  S25,000  for 
the  discovery  of  a  means  of  destroying  9w6Jbas?  • 

It  is  impossible  to  keep  things  out  of  their  reach  on  any  large  scale. 
Certain  devices  are  used  with  more  or  less  success  for  protecting  things 
indoors  when  they  are  constantly  watched,  but  standing  crops  or 
considerable  stores  require  constant  watchfulness  and  war. 

In  regard  to  the  mMos  in  the  Amazon  region  Bates  says: 

This  ant  (the  mrSLba)  is  seen  everywhere  about  the  suburbs,  marching  to  and  fro  in 
broad  columns.  From  its  habit  of  despoiling  the  most  valuable  cultivated  trees  of 
their  foliage,  it  is  a  great  scourge  to  the  Brazilians.  In  some  districts  it  is  so  abundant 
that  agriculture  is  almost  impossible,  and  everywhere  complaints  are  heaid  of  tiie 
terrible  pest.' 

ATTACKS   ON   MAN. 

Theformiga  defogo,  or  fire  ants,  are  so  called  on  account  of  the  pain- 
fulness  of  their  sting.  When  they  are  met  with  in  large  numbers 
there  is  simply  no  withstanding  them. 

One  of  the  reasons  for  calling  ants  the  kings,  rulers^  and  owners  of 
the  country  is  due  to  the  vicious  attacks  they  make  upon  all  kinds 
of  animals.  Bates  tells  of  one  case  in  which  a  town  on  the  Tapajos 
was  actually  depopulated  by  ants  of  this  kind.  This  statement 
seems  so  remarkable  that  it  is  quoted  here  at  length:  * 

kyeytoB  was  deserted  a  few  years  before  my  visit  on  account  of  this  little  tormentor 
(farmiga  defogo)^  and  the  inhabitants  bad  only  recently  returned  to  their  houses, 
tbinlriiig  its  numbers  had  decreased.  It  is  a  small  Q>eciee,  of  a  shining  reddish  color, 
not  greatly  difiering  from  the  common  red  stinging  ant  of  our  own  country  (i^yrmiea 
rubra),  except  that  the  pain  and  irritation  caused  by  its  sting  are  much  greater. 
The  soil  of  the  whole  village  is  undermined  by  it;  the  ground  is  perforated  with  the  en- 

i  Henrique  de  Piola  MascareohM:  RerisU  Agrioola  do  Imperial  lostitoto,  toL  14,  pw  815.  Rio  de 
Janeiio,  December,  1883. 

•  AoxiUador  da  Industria  NadoDAl,  vol.  37,  p.  64.   Rio  de  Janeiro,  1809. 

•  H.  W.  Bates:  The  naturalist  on  the  River  Amacons,  4th  ed.,  p.  9.    London,  1S75. 

•  Naturalist  on  the  Amasoos,  p.  206. 
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tiances  to  their  subt^ianeangalleriee,  and  a  little  sandy  dome  occurs  here  and  there, 
where  the  insects  bring  their  young  to  receive  wannth  near  the  surface.  The  houses 
are  ovemm  with  them;  they  dispute  every  fragment  of  food  with  the  inhabitants,  and 
destroy  clothing  for  the  sake  of  the  starch.  All  eatables  are  obliged  to  be  suspended 
in  baskets  from  the  rafters  and  the  cords  well  soaked  with  copauba  balsam,  which  is 
the  only  means  known  of  preventing  them  from  climbing.  They  seem  to  attack  per- 
sons out  of  sheer  malice;  if  we  stood  for  a  few  moments  in  the  street,  even  at  a  distuice 
from  their  nests,  we  were  sure  to  be  ovenrun  and  severely  punished,  for  the  moment 
an  ant  touched  the  flesh  he  secured  himself  with  his  jaws,  doubled  in  hb  tail,  and  stung 
with  all  his  might.  When  we  were  seated  on  Chairs  in  the  evenings  in  front  of  the  house 
to  enjoy  a  chat  with  our  neighbors,  we  had  stools  to  support  our  feet,  the  l^:s  of  which, 
as  well  as  those  of  the  chairs,  were  well  anointed  with  the  balsam.  The  cords  of  ham- 
mocks are  obliged  to  be  smeared  with  the  balsam  in  the  same  way  to  prevent  the  ants 
from  paying  sleepers  a  visit. 

Anyone  who  wishes  to  get  a  clear  understanding  of  the  seriousness 
of  the  bite  of  these  ants  should  read  Dr.  Richard  Spruce's  account  of 
his  personal  experience  of  them  ^ : 

August  15, 1863. — ^YeetoKlay  1  had  the  pleasure  for  the  first  time  of  experiencing 
the  sting  of  the  large  black  ant  called  tucandera  in  Lingoa  Geral.    «    *    « 

I  had  gone  after  break&st  to  herborise  in  the  caapoera  north  of  San  Carlos,  where 
there  were  a  good  many  decayed  trunks  and  stumps.  I  stooped  down  to  cut  off  a  patch 
of  a  moss  on  a  stump,  and  remarked  that  by  so  doing  I  exposed  a  large  hollow  in  the 
rotten  wood ;  but  when  I  turned  me  to  put  the  moss  into  my  vasculum  I  did  not  notice 
that  a  string  of  angry  tucanderas  poured  out  of  the  opening  I  had  made.  I  was 
q>eedily  made  aware  of  it  by  a  prick  in  the  thigh,  which  I  supposed  to  be  caused 
by  a  snake  until,  springing  up,  I  saw  that  my  feet  and  legs  were  being  covered 
by  the  dreaded  tucandera.  There  was  nothing  but  flight  for  it,  and  I  accordingly 
ran  off  as  quickly  as  I  could  among  the  entangling  branches,  and  finally  succeeded 
in  beating  off  the  ants,  but  not  before  I  had  been  dreadfully  stung  about  the  feet, 
for  I  wore  only  slippers  without  heels,  and  these  came  off  in  the  struggle.  I  was 
little  more  than  five  minutes'  walk  from  my  house,  *  *  *  and  I  wished  to  walk 
rapidly,  but  could  not  I  was  in  agonies,  and  had  much  to  do  to  keep  from  throwing 
myself  on  the  ground  and  rolling  about  as  I  had  seen  the  Indians  do  when  suffering 
from  the  stings  of  this  ant.    *    ♦    * 

BENEFICIAL  ANTS. 

Not  all  the  ants,  however,  are  to  be  looked  upon  as  pests.  Certain 
camiyorous  ants  are  rather  to  be  regarded  as  beneficial  to  agriculture, 
and  to  mankind  generally,  on  account  of  their  destruction  of  caterpil- 
lars and  other  noxious  insects.  In  districts  where  cotton  is  grown 
the  larvae  of  the  cotton  moths  are  kept  in  check  by  the  ants  destroying 
the  young  ones,  especially  during  the  early  part  of  the  season.  The 
invasion  of  houses  by  ant  colonies  is  a  common  occurrence  in  every 
part  of  Brazil.  Ordinarily  these  invasions  are  only  temporary.  Dur- 
ing the  hour  -or  two  when  these  ants  swarm  through  one's  house  or 
rooms  they  are  certainly  annoying,  but  they  soon  disappear,  and  one 
feels  that  he  has  been  relieved  to  a  considerable  extent  from  the  cock- 
roaches and  other  more  offensive  and  more  serious  plagues. 

1  Rlobard  Spruce:  Notes  of  a  botanist  on  the  Amaion  and  Andes,  voL  1,  pp.  363-364.    Tendon,  1906. 
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Many  writeiB  have  described  the  operations  of  these  ants,  but  the 
following,  quoted  from  Dr.  Richard  Spruce,  will  give  a  clear  idea  of 
them:^ 

One  morning  soon  alter  sunrise  the  hut  was  suddenly  fiUed  with  large  blackish  ants, 
which  ran  nimbly  about  and  tried  their  teeth  on  everything.  My  charqui  proved  too 
tough  for  them;  but  they  made  short  work  of  a  bunch  of  ripe  plantains,  and  rooted  out 
cockroadies,  spiden,  and  other  such  like  denizens  of  a  forest  hut.  So  long  as  they 
were  left  unmolested  they  avoided  the  human  inhabitants;  but  when  I  attempted  to 
brush  them  away  they  fell  on  me  by  hundreds  and  bit  and  stung  fiercely.  * 

Thomas  Belt  has  a  good  deal  on  the  swarms  of  ants  in  Central 
America.  The  following  extract  is  from  his  ''Naturalist  in  Nica- 
ragua," page  17: 

One  of  the  smaUer  species  (EcUan  predator)  used  occasionally  to  visit  our  house 
and  swarm  over  the  floors  and  walls,  searching  every  cranny  and  driving  out  the  cock- 
roaches and  spiders,  many  of  which  were  cau^t,  pulled,  bitten  to  pieces,  and  carried 
off.  The  individuals  of  this  species  were  of  various  sises,  the  smallest  measuring  one 
and  a  quarter  lines  and  the  largest  three  lines,  or  a  quarter  of  an  indi. 

I  saw  many  armies  <^  this,  or  a  closely  allied  species,  in  the  forest.  My  attention 
was  generaUy  first  caUed  to  them  by  the  twittering  of  some  small  birds,  belonging  to 
several  different  species,  that  follow  the  ants  in  the  woods.  On  approaching,  a  dense 
body  of  the  ants,  three  or  four  yards  wide,  and  so  numerous  as  to  blacken  the  ground, 
would  be  seen  moving  rapidly  in  one  direction,  examining  every  cranny  and  under- 
neath every  fallen  leaf.  On  the  flanks  and  in  advance  of  the  main  body  smaller  col- 
umns would  be  pushed  out.  These  smaller  columns  would  genecally  first  fivah.  the 
cockroaches,  grasshoppers,  and  spiders.  The  pursued  insects  would  rapidly  make  off, 
but  many  in  their  confusion  and  terror  would  bound  right  into  the  midst  of  the  main 
body  of  ants. 

Bates  has  the  following  regarding  the  Ecitons,  page  354 : 

When  the  pedestrian  falls  in  with  a  train  of  these  ants,  the  first  signal  given  him  is 
a  twittering  and  restless  movement  of  small  flocks  of  plain-col(»^  birds  (ant  thrushes) 
in  the  jun^e.  If  this  be  disregarded  until  he  advances  a  few  steps  farther,  he  is  siuie 
to  foil  into  trouble,  and  find  himself  suddenly  attacked  by  numbers  of  the  ferocious 
little  creatures.  They  swarm  up  his  l^gs  with  incredible  rapidity,  each  one  driving 
its  pincer-like  jaws  into  his  skin,  and  with  the  purchase  thus  obtained,  doubling  in  its 
tail,  and  stinging  with  all  its  might.  There  is  no  course  left  but  to  run  for  it;  if  he  is 
accompanied  by  natives,  they  will  be  sure  to  give  the  alarm,  crying,  "Tau6(a! "  and 
scampering  at  full  speed  to  the  other  end  of  the  column  of  ants.  The  tenacious  ineects 
iHio  have  secured  themselves  to  his  legs  then  have  to  be  plucked  off  one  by  one,  a  task 
which  is  generally  not  accomplished  without  pulling  them  in  twain,  and  leaving  heads 
and  jaws  sticking  in  the  wounds. 

The  errand  of  the  vast  ant  armies  is  plunder,  as  in  the  case  of  Eciton  legions;  but 
from  their  moving  always  amongst  dense  thickets,  their  proceedings  are  not  so  easy 
to  observe  as  in  that  species.  Wherever  they  move,  the  whole  animal  world  is  set  in 
commotion,  and  every  creature  tries  to  get  out  of  their  way.  But  it  is  espedaUy  the 
various  tribes  of  wingless  insects  that  have  cause  for  fear,  such  as  heavy-bodied  spiden\ 
ants  of  other  species,  maggots,  caterpillars,  larvse  of  cockroaches,  etc.,  all  of  which  live 
under  fallen  leaves  or  in  decaying  wood.  The  Ecitons  do  not  mount  very  high  on 
trees,  and  therefore  the  nestlings  of  birds  are  not  much  incommoded  by  them. 

&  Rkbird  Bpnioa:  Motes  ot  a  botanist  on  the  AmaiMi  sod  Andes,  vol.  2,  pp.  371-373.   London,  1906. 
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ANTS   AS   FOOD. 

In  the  Amazon  region  some  of  the  ante  are  even  used  by  the  Indians 
for  food. 

The  head  and  thorax  are  the  parts  eaten,  the  abdom^i  being  nipped  off  (at  San 
Carloe  I  constantly  see  them  eaten  entire),  and  it  is  eaten  uncooked.  The  taste  to  me 
is  strong,  fiery,  and  disagreeable,  but  those  who  have  eaten  the  bach^o  fried  in  turtle 
oil  tell  me  it  is  quite  palatable.  > 

Orton '  says  the  saiihds  *'are  eaten  by  the  Rio  Negro  Indians,  and 
esteemed  a  luxiuy,  while  the  Tapajos  IVibes  use  them  to  season  their 
mandioca  sauce." 

In  the  more  thickly  settled  parte  of  Brazil  the  custom  of  eating  these 
ante  is  either  not  practiced  nowadays,  or,  if  it  is,  it  is  not  generally 
known.  In  the  early  history  of  the  coxmtry ,  however,  when  the  native 
Indians  were  much  more  abxmdant  than  they  are  now,  the  custom 
appears  to  have  been  common. 

STRUCTURES  ABOVE  GROUND. 

Oriffm  qfihe  structures. — The  word  ''neste"  frequently  applied  to 
the  superficial  structures  of  ante  should  not  be  understood  to  mean 
neste  in  the  ordinary  sign^cation  of  the  word.  These  structures 
sometimes  contain  the  queens,  eggs,  and  larvae,  but  at  other  times 
these  are  kept  in  excavations  below  the  sm:face. 

The  mounds  made  by  the  true  ante  all  begin  as  small  funnel-shaped 
ridges  around  the  excavations  started  by  individual  females.  The 
large  moimds  are  the  resulte  of  the  work  of  many  generationsund  of  a 
vast  number  of  individuals. 

"VWthout  going  into  any  detailed  description  of  the  habite  of  the 
ante,  it  is  worth  while  to  give,  for  those  unfamiliar  with  their  habite,  a 
general  idea  of  the  methods  followed  by  these  ante  in  establishing  new 
colonies  and  in  increasing  them.  When  the  swarming  or  mating  sea- 
son of  the  saaia  ant  comes,  the  yoimg  females  leave  their  homes  and 
fly  away.  They  seem  to  fly  about  very  much  at  random — ^at  least,  I 
have  rarely  seen  them  going  in  any  particular  direction — ^and  when 
they  have  been  seen  going  together  it  was  apparently  due  to  the  direc- 
tion of  the  wind  or  the  position  of  the  sim  at  the  time,  rather  than  to 
any  definite  purpose  on  their  part. 

When  the  female  alighte  after  a  flight  of  only  a  few  minutes,  she 
breaks  off  her  wings  and  at  once  falls  to  work  at  excavating  a  bxurow. 
All  kinds  of  places  are  selected  for  these  burrows.  It  does  not  appear 
that  the  selection  is  deliberate,  but  it  seems  to  be  determined  by  the 
accident  of  alighting  from  an  aimless  flight.  Judging  from  the  large 
number  of  individual  females  I  have  frequently  seen  in  the  air  and  on 

t  Richard  Spnice:  Notes  of  a  botanist  on  the  Amazpn  and  Andes,  voi.  1,  p.  484.    London,  1906. 
«  James  Orton:  The  Andes  and  the  Amaxon,  3d  ed.,  p.  301.    New  York,  1876. 


Digitized  by  CjOOQIC 


812  ANNUAL.  RePORT  SMITHSONIAN   INSTITUTION,  19U. 

the  ground  at  one  time,  the  great  majority  of  these  yomig  colonies 
must  fail  to  survive.  Often  I  have  seen  the  young  females  so  abun- 
dant that  there  must  have  been  an  individual  to  every  square  meter 
of  land  surface  over  areas  of  many  hundreds  of  acres. 

In  some  places  where  the  new  arrivals  alight  the  mounds  are 
already  so  thick  that  there  is  little  or  no  room  for  new  colonies,  and 
it  is  probable  that  some  of  these  young  females  must  either  be  adopted 
into  the  old  colonies  or  they  are  killed  or  die.* 

It  is  evident  from  the  nature  of  the  case  that  where  such  a  large 
number  of  new  colonies  is  started  most  of  them  must  perish  from 
mere  overcrowding,  if  for  no  other  reason. 

The  excavation  first  made  by  a  young  female  is  small  and  simple, 
and  the  earth  taken  from  it  is  heaped  about  the  opening  without 
any  apparent  order.  Dr.  Huber,  in  the  paper  just  cited,  states  that 
at  Para,  in  a  colony  started  by  a  single  female,  the  first  workers 
appear  at  the  end  of  40  days.  Shortly  thereafter  the  queen,  or 
founder  of  the  colony,  ceases  to  be  an  active  worker,  and  all  subse- 
quent excavating  is  done  by  the  constantly  increasing  number  of 
workers.  As  the  colonies  increase  in  numbers  more  imderground 
room  is  required,  and  the  amount  of  earth  excavated  and  carried  to 
the  surface  increases  proportionately.  This  earth  is  brought  to  the 
surface  in  the  jaws  of  the  workers  in  the  form  of  small  pellets  which 
are  thrown  down  apparently  without  any  other  object  than  to  be  rid 
of  them.  Sometimes  they  are  heaped  up  in  funnel-shaped  pits; 
sometimes  they  are  thrown  out  on  the  downhill  side  of  the  opening. 
At  first  these  bits  of  earth  form  heaps  of  loose,  incoherent  material, 
but  in  time,  and  with  rain  and  sunshine,  it  packs  down  imtil  it  is 
often  as  hard  as  an  imbaked  brick.  As  long  as  the  colony  is  active 
and  growing,  additions  are  constantly  being  made  to  these  accumu- 
lations, and  these  additions  may  be  at  any  point  over  the  sides  or 
at  the  top.  Passageways  are  either  kept  open  through  these  heaps 
of  earth  or  they  are  reexcavated.  This  is  demonstrated  by  digging 
into  the  mounds,  but  it  is  evident  without  opemng  them,  from  the 
fact  that  the  fresh  material  is  brought  out  and  spread  over  any  and 
all  parts  of  the  surface. 

Size  of  the  mounds. — ^It  might  be  inferred  that  there  woidd  be 
practiciJly  no  limit  to  the  size  of  the  moimds  built  in  this  fashion, 
and  I  am  not  sure  that  there  are  any  limits  save  those  which  may  be 
imposed  by  certain  physical  conditions,  such  as  the  amount  and  dis- 
tribution of  the  rains,  the  character  of  the  soil,  the  area  over  which 
the  necessary  plants  or  food  can  be  obtained,  etc.  Of  course,  the 
mounds  are  of  different  sizes  according  to  their  ages;  but  consid- 

>  lost  how  new  ookmles  of  saabas  can  be  established  by  a  single  female  is  described  by  Dr.  J.  Huber  in 
BSologisohes  Centralblatt,  voL  25,  pp.  600-618,  624-635,  and  in  the  Boletim  do  ICusea  Ooeldi,  voL  5,  ppi 
223-241.    Para,  1007-6.    Also  In  the  Annual  Re{>ort  of  the  Smithsonian  Institution  for  1906,  pp.  855-967. 
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ering  only  the  largest  and  oldest  ones  made  by  a  single  species,  and 
found  in  various  different  localities,  it  is  noteworthy  that  there  is  a 
great  difference  in  ihe  sizes  of  the  largest  of  them.  Just  what  deter- 
mines this  variation  I  can  not  say  positively,  but  the  influences 
referred  to  above — that  is,  rainfall,  character  of  soil,  and  vegetation — 
naturally  suggest  themselves  as  possible  influences. 

Nowhere  do  I  remember  to  have  seen  more  or  larger  ant  hills  than 
along  Rio  Utinga,  in  the  diamond  regions  of  the  interior  of  the  State 
of  Bahia.  From  the  town  Riachao,  down  the  river  to  the  village  of 
Pegas,  the  examples  are  big  and  abundant.  In  a  few  places  they  are 
so  dose  together  that,  big  and  little,  they  appear  to  cover  half  of  the 
groimd.  My  notes,  written  on  the  spot,  say  **more  than  half  of  the 
ground."  Such  places,  however,  are  exceptional.  The  distribution 
19  always  more  or  less  irregular — ^bunched  apparently  on  account  of 
characteristics  of  soil  or  drainage,  or  for  some  other  reason  that  does 
not  appear.  In  some  areas  of  from  10  to  20  acres  the  ant  hills 
occupy  from  a  fifth  to  a  third  of  the  ground,  while  over  larger  tracts 
they  take  up  from  one-eighth  to  a  seventh  of  the  ground.  In  height 
the  mounds  are  often  as  much  as  5  meters  high,  with  bases  15  or  16 
meters  in  diameter.  In  the  forests  these  moimds  are  generally  over- 
grown  with  young  trees.  On  many  of  the  big  mounds  I  have  seen 
trees  more  than  30  centimeters  in  diameter.  At  the  village  of 
Antonio  Jose  the  people  have  planted  pineapples  upon  the  mounds. 

At  fazenda  Bello  Horizonte,  about  18  kilometers  north  of  the  village 
of  P^as,  the  ant  hills  are  so  large  and  stand  so  thickly  upon  the 
ground  that  they  form  one  of  the  most  striking  illustrations  I  have 
ever  seen  of  the  work  of  these  insects.  An  area  of  some  30  acres  or 
more  is  there  covered  with  moimds  resembling  haycocks.  They 
probably  average  2  meters  in  height  and  a  diameter  of  4  or  5  meters 
at  the  base. 

At  a  place  called  Ponte  Nova,  on  Rio  Utinga,  8  kilometers  north 
of  the  Tdllage  of  Pegas,  the  ant  hills  are  a  remarkable  feature  of  the 
landscape.  To  the  east  and  northeast  of  the  Protestant  college  the 
mounds  cover  the  old  fields.  One  of  the  accompanying  photographs 
(fig.  2,  pi.  1)  and  text  figure  1  were  made  in  this  region. 

Six  kilometers  north  of  the  station  one  was  found  by  measurement 
to  be  1.8  meters  high  and  4.5+  meters  wide  at  the  base.  This 
moimd  was  not  regarded  by  the  people  of  the  locality  as  anything 
unusual. 

To  the  east  of  Serrinha  several  mounds  were  observed  with  a  height 
of  3  meters  and  a  diameter  at  the  base  of  10  meters.  The&e  mounds, 
therefore,  contain  each  78.5  cubic  meters  of  earth. 

Along  the  western  half  of  the  Bahia  and  Minas  Railway,  that  starts 
from  the  coast  near  Caravellas,  in  the  southern  part  of  the  State  of 
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Bahi&y  and  runs  west  376  kilometers  into  the  State  of  Mnas  Geraes, 
ant  hills  are  big  and  abundant.  The  newer  ones  are  steeply  conical, 
but  with  age  they  become  more  or  less  rounded  and  flattened.    In 


the  vicinity  of  Urucu  Station  (kilometer  226)  the  mounds  are  so  thick 
and  so  close  together  that  the  country  looks  like  a  field  of  gigantic 
potato  hills. 
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Plate  1. 


1.  Newly  Cleared  Field  Covered  with  Mounds  of  Ants  near  Rio  Utinqa,  State 

OF  Bahia,  Brazil. 

The  largest  of  these  mounds  have  bases  of  six  or  seven  meters.    Photograph  by  R.  Crandall,  1907. 


2.  Mounds  of  Termites  in  an  Old  Field  near  Queluz,  State  of  Minas  Geraes, 

Brazil. 

White  spots  in  the  bacicground  are  the  mounds.    Photograph  by  Dr.  Gonzaga  de  Campos,  1909. 
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In  some  places  ihey  stand  so  close  that  their  bases  touch  each  other, 
though  such  cases  appear  to  be  rather  exceptional.  The  mounds  in 
this  part  of  IMinas  and  Bahia  that  appear  to  have  reached  their  full 
development  range  from  1  to  4J  meters  in  height  and  from  3  to  10 
meters  in  diameter  at  the  base.  The  biggest  of  these  moimds — 
that  is,  one  4.6  meters  high  and  10  meters  in  diameter — contains 
approximately  117  cubic  meters  of  earth. 

At  one  place  in  the  Rio  Utinga  region,  where  the  forests  had  been 
cleared  away  so  that  the  mounds  were  clearly  visible,  I  selected  a 


Fio.  2.~Ant  hill  (Fonniga  de  mandioca)  near  Mundo  Novo,  State  of  Bahia,  Brazil, 
nrrom  a  photograph  by  R.  Ciandall,  1907.] 

spot  where  they  were  strikingly  abimdant,  and  measuring  a  space 
100  by  100  meters,  as  nearly  as  it  could  be  done  by  pacing,  counted 
the  mounds  within  the  area  and  estimated  their  heights  and  diam- 
eters at  the  base. 

The  slopes  of  these  mounds  vary  from  less  tlian  30  degrees  up  to  47 
degrees,  and  on  some  parts  of  them  there  are  even  perpendicular 
places.  It  was  thought  that  38  degrees  was  a  fair  average  for  the 
ones  in  this  particular  area. 
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The  figures  obtained  are  giveii  iq  the  taUe  bdow: 

Table  of  areas  and  atbieal  eonienta  of  mowidi  of  diffirent  tuet  within  an  area  of  tOfiOO 

BquaremeUrs, 

Qts  are  in  metan.] 


Number  of 
mounds. 

Dlamet«r 
of  base. 

Aieaof 
CM!hin 
squBTB 
niBtcn. 

Total  area 
insQiiara 
meten. 

Hil^t. 

Cubical 

OQOtCOtS. 

Total  coo- 
tcotsin 
eabie 
meters. 

1 
2 
t 
8 
12 
5 
4 
7 
8 

U 
11 
10 

17C71 
98.08 
7&M 
fia38 
88.48 
88.37 
19.68 
1Z60 
7.06 

176.71 
19a  06 
47LM 
40106 
46a  76 
141.86 
7&68 
87.92 
66.48 

4.5 
4.3 
8.9 

8.1 
Z9 
Z8 
10 
L7 
L3 

ac5 

133 
103 
51 
37 
21 
13 
7 
3 

2b5 
266 
613 
406 
444 
106 
53 
49 
34 

53 

2,064.82 

2,226 

This  estimate  makes  the  area  actually  covered  by  the  mounds  close 
to  one-fifth  of  the  total  area  imder  consideration.  My  notes  show 
that  within  areas  of  a  few  acres  the  ground  covered  by  the  mounds  is 
sometimes  as  high  as  one-half  of  the  total  area.  The  cubical  con- 
tents of  the  mounds,  if  evenly  distributed  over  the  entire  10,000 
square  meters,  would,  have  a  thickness  of  22.25  centimeters. 

Although  the  moimds  within  the  area  here  considered  were  large, 
they  were  not  the  bi^est  I  have  seen,  nor  do  they  average  as  large  as 
can  be  found.  The  largest  ones  measured  were  on  the  upper  drainage 
of  Rio  Utinga;  several  of  these  were  found  to  be  5  meters  high  and 
16  and  17  meters  in  diameter  at  the  base,  and  each  contained,  there- 
fore, about  340  cubic  meters  of  earth.  There  were  no  other  moimds 
closer  to  these  than  10  or  15  meters.    . 

The  reader  should  be  reminded,  however,  that  this  sort  of  thing 
is  not  to  be  seen  in  all  parts  of  the  country,  by  any  manner  of  means. 
So  far  as  my  own  observations  go,  ant  mounds  are  unusually  large 
and  unusually  abundant  in  this  particular  part  of  Brazil. 

Age  ofihe  mounds. — The  amount  of  work  done  by  these  ants  in  a 
region  where  they  seem  to  be  favorably  located  is  fairly  well  shown  in 
the  preceding  table.  Trustworthy  data  for  calculating  the  time 
required  to  build  a  mound  of  a  given  size  or  to  do  any  given  amount 
of  work  are  lacking.  Necessarily  the  time  must  vary  with  the  size  of 
the  colonies,  other  things  being  equal.  The  colonies,  however, 
appear  to  have  their  ups  and  downs,  for  while  some  of  them  increase 
in  numbers  and  continue  to  add  to  the  mounds  for  long  periods, 
others  appear  to  be  less  active,  while  still  others  disappear,  whether 
by  migrating  or  through  the  death  or  captivity  of  the  members 
is  not  certainly  known  at  present.  It  is  interesting  to  note  that  the 
Brazilians  generally  regard  the  size  of  the  ant  liill  as  directly  related 
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to  the  age  of  the  colony.  At  Serrinha^  on  the  S&o  Francisco  Railway, 
I  was  told  that  mounds  about  2  meters  high  and  having  a  base  of 
about  5  meters  were  probably  as  much  as  a  hundred  years  old. 
This  was  an  expression  of  views  based  simply  upon  a  general  impres- 
sion and  not  upon  records. 

UNDERGROUND   WORK. 

So  far  as  I  can  learn,  there  has  never  been  any  careful  examination 
or  study  of  the  character,  extent,  and  uses  of  the  underground  excava- 
tions made  by  ants  in  the  Tropics.  What  is  known  about  them 
has  been  learned  accidentally,  and  our  knowledge  of  the  passages  is, 
therefore,  fragmentary.    I  have  frequently  dug  into  the  mounds. 


ViCU  8w— Ant  bilto  made  by  the  "  Formiga  de  mandioca/'  near  Vcotma,  State  of  Bahia,  Brazil. 
iFrom  a  photogjaph  by  B.  Crandall,  1907.] 

but  always  without  the  time  necessaiy  for  satisfactoiy  results.  The 
most  I  have  been  able  to  make  out  in  these  hasty  explorations  is 
that  the  superficial  mounds  are  penetrated  in  every  direction  with 
passageways.  The  large  mounds  were  in  no  case  opened  down  to  the 
original  surface  of  the  groimd;  but  when  small  mounds  were  opened 
they  were  found  to  connect  through  small  tunnels  with  the  under- 
ground excavations. 

A  pit  started  by  the  removal  of  a  large  ant  hill  east  of  Timbo,  in  the 
interior  of  Bahia,  and  continued  to  a  depth  of  about  4  meters,  showed 
the  arrangement  of  the  underground  tunnels  better  than  I  have  seen  it 
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elsewhere.  The  section  did  not  pass  through  the  main  shaft  or  tuimd 
that  connected  the  ant  hill  with  the  subterranean  excavations,  but  a 
little  to  one  side  of  it.  The  upper  layer  of  the  earth,  to  a  depth  of 
half  a  meter,  was  undisturbed;  ihen  there  was  one  tunnel  with  a  flat 
floor,  about  20  to  25  centimeters  across,  and  having  a  low  arched 
roof;  below  this,  at  a  distance  of  about  25  centimeters,  were  two 
tunnels  at  the  same  level  and  of  about  the  same  size  and  shape; 
below  these,  at  a  further  depth  of  about  25  centimeters,  were  three 
similar  openings.  This  arrangement  continued  to  a  depth  of  nearly 
2  meters,  the  tunnels  being  more  numerous  always  at  the  lower 
levels.  The  tunnels  at  the  lowest  level  did  not  form  a  complete 
row,  but  the  woric  seemed  to  have  been  commenced  at  the  outoide. 

This  same  arrangement  of  the  tunnels  has  been  seen  frequently  in 
railway  cuts  and  ditches,  but  nowhere  else  have  I  seen  so  many  levels 
or  such  a  clearly  defined  plan  in  the  placing  of  the  excavations. 

In  some  other  cases  noted  the  number  of  tunnels  connecting  the 
above-ground  mounds  with  the  underground  galleries  seemed  to  vaiy 


Fio.  4.— Neit  of  leatoittiDf  Aot. 
After  Belt   *'TheNataxBU8tinNlcen«uA,"p.80. 

with  the  size  of  the  mounds — that  is,  the  more  ground  the  mound 
covered,  the  more  passageways  there  seemed  to  be  to  connect  with  the 
galleries  beneath. 

The  section  through  the  burrows  given  by  Belt  is  reproduced  in 
figure  4.  This  section,  however,  is  diagranmiatic,  and  does  not  claim 
to  show  the  great  extent  of  the  galleries.  Belt  tells,  however,  of 
galleries  1.5  meters  in  depth  (p.  76).  The  best  evidence  I  have 
been  able  to  gather  in  regard  to  the  depth  to  which  the  ants  penetrate 
has  been  obtained  in  cuts  along  railways  and  canals,  and  in  deep 
ditches  often  dug  to  serve  as  fences.  On  Bio  do  Peixe,  near  Serro, 
in  the  State  of  Minas  Geraes,  I  foimd  the  galleries  as  deep  as  2.5  meters 
at  several  places  along  a  canal  under  construction.  Most  of  them, 
however,  were  only  about  1.5  meters  below  the  surface  at  the  deepest 
points  exposed.  At  Bomfim,  on  the  Bahia  and  Sfto  Francisco 
Railway,  I  found  the  burrows  exposed  in  a  deep  ditch  at  a  depth  of 
2.1  meters. 
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Sampaioy  a  Brazilian  entomologist  who  has  given  much  attention  to 
the  saiiba  anta,  shows  one  burrow  as  much  as  3.5  meters  below  the 
surface.^ 

Dr.  Jaoquim  Lustosa,  of  Lafayette,  State  of  IDnas  Geraes,  Brazil, 
writes: 

Competent  pereons  assure  me  that  the  true  ants  burrow  to  a  depth  of  10  meters 
or  more,  and  that  they  exhibit  a  strange  and  remarkable  intelligence,  and  that  they 
even  cxoss  wide  and  de^  streams  by  means  of  tunnels  bo  deep  as  to  avoid  the  infiltra- 
tion of  the  water. 

The  length  of  the  tunnels  has  often  been  demonstrated  by  forcing 
smoke  through  them.  I  have  myself  seen  fumes  blown  into  one 
opening  and  issuing  from  others  as  much  as  300  meters  away. 

Ants  excavated  a  tunnel  under  the  bed  of  the  River  Parahyba, 
at  a  place  where  it  is  as  broad  as  the  Thames  at  London  Bridge. 
At  the  Magoary  rice  mills,  near  Para,  these  ants  once  pierced  the 
embankment  of  a  large  reservoir;  the  great  body  of  water  which  it 
contained  escaped  before  the  damage  could  be  repaired.' 

Another  writer,  Rev.  J.  C.  Wood,  tells  of  the  aailLbas  having  ''ruined 
a  gold  mine  for  a  time,  breaking  into  it  with  a  tunnel  some  80  yards 
in  length  and  letting  in  a  torrent  of  water,  which  broke  down  the 
machinery  and  washed  away  all  the  supports,  so  that  th^  mine  had 
to  be  dug  afresh."  ' 

The  diameter  of  an  undergroimd  passage  varies  from  1  or  2  centi- 
meters up  to  5  centimeters  or  more.  They  widen  out  and  narrow 
down  without  any  apparent  reason,  and  those  made  by  the  sa^dLbaa 
that  have  been  examined  have  here  and  there  local  enlargements  that 
are  commonly  from  1  to  2  decimeters  in  height  and  from  1  to  3  deci- 
meters in  length.  These  chambers,  when  freshly  opened,  I  have 
generally  foimd  filled,  or  partly  fiilled,  with  loose,  moldy  masses  of 
dead  leaves. 

Bdt  describes  the  imderground  passages  in  Nicaragua  as  follows:  ^ 

In  our  mining  operations  we  also,  on  two  occasions,  carried  our  excavations  from 
below  up  through  very  large  formicariums,  so  that  all  their  imdeigroimd  workings 
were  exposed  to  observation.  I  found  their  nests  below  to  consist  of  numerous 
rounded  chambers,  about  as  large  as  a  man*s  head,  connected  together  by  tunneled 
passages  leading  from  one  chamber  to  another. 

BELATIONS  TO  THE   SOIL. 

The  distribution  of  ant  colonies  as  shown  by  their  mounds  suggests, 
if  it  does  not  prove  beyond  question,  that  the  character  of  the  soil  has 
an  important  influence  on  the  distribution  of  the  ants  themselves. 

*  A.  O.  de  Asevedo  Sampaio:  Sauva  oa  llaobti-uim,  pp.  32, 53,  M.    8ao  Paulo,  1894. 
>  H.  W.  Bates;  NatonUtot  on  the  AmaBorw,  4th  ed.,  pp.  M5.    LondoD.  1876. 

*  Charles  Waterton:  Wanderings  In  Booth  America.  Explanatory  Index,  Rer.  J.  Q.  Wood,  p.  47. 
London,  1883. 

4  The  Naturalist  fai  Nican^ua,  p.  80. 
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In  yiew  of  the  habits  of  ants,  it  seems  highly  probable  that  at  the 
time  of  leaving  their  nests  the  joung  females  scatter  over  the  surromid- 
ing  region  pretty  much  at  random.  When  they  alight,  some  of  them 
find  themselves  in  locations  wh^^e  ant  colonies,  on  accomit  of  tiie 
character  of  the  gromid,  can  not  possibly  survive,  and  as  these  young 
females  break  off  their  wings  as  soon  as  they  alight,  they  can  not 
renew  their  flight  and  seek  more  favorable  ground,  but  Uiey  must 
perish  without  having  founded  a  new  colony.  And  this  must  happen 
over  and  over  again,  with  the  final  result  that  localities  unfavorable 
for  ants  do  not  have  ant  colonies,  while  the  favorable  localities  may 
have  a  superabundance  of  them.  Favorable  and  imfavorable  c<m- 
ditions  are  not  always  sharply  defined,  but  merge  into  each  other. 

In  some  cases  it  is  quite  evident  what  constitute  imfavorable  condi- 
tions. Ground  that  is  constantly  wet  or  liable  to  inundation  can  not 
be  occupied;  hard,  rocky  surfaces,  or  even  very  thin  soils,  are  not 
available;  soils  so  sandy  or  friable  that  underground  tunnels  dug  in 
them  will  not  stand  are  evidently  not  available  for  the  establishment 
of  colonies. 

Between  soils  most  favorable  and  imfavorable  ones  there  are  all 
sorts  of  gradations,  so  that  one  is  prepared,  for  this  reason  alone,  to 
find  the  ant  hills  bigger  and  more  abundant  in  some  places  than  in 
others.  It  is  evident  that  it  is  all  a  question  of  adaptability,  how- 
ever, rather  than  a  matter  of  choice  on  the  part  of  the  ants. 

Just  what  kind  of  soil  is  most  favorable  for  the  ants  I  can  not  state 
positively.  My  general  impression  is  that  the  mounds  are  most 
abundant  on  dayey  soils,  whether  the  clay  comes  directly  from  the 
decomposition  of  feldspathic  rocks  or  from  the  disintegration  of  shales 
and  slates. 

This  preference  for  the  clayey  soils  is  well  shown  at  many  places 
through  the  diamond-bearing  highlands  of  the  interior  of  Bahia, 
where  the  diamond-bearing  quartzites,  known  as  the  Lavras  series, 
are  underlain  by  a  thick  series  of  shales  called  the  Cabodo  series. 
The  Lavras  beds  being  quartzites,  or  sandstones,  break  down  into  a 
veiy  sandy  soil,  while  the  Caboclo  shales  form  a  stiff,  clayey  soil,  and 
as  they  are  adjacent  to  each  other  the  line  of  demarcation  between 
the  two  soils  is  usually  well  defined.  While  traveling  through  that 
district  in  1907,  I  was  frequentiy  able  to  locate  myself  geologically 
by  the  abundance  or  absence  of  the  ant  hills.  Not  infrequentiy  the 
line  of  parting  between  the  two  series  was  concealed  by  a  thick  soil 
and  overgrown  with  forests,  but  the  distribution  of  the  moimds 
would  often  show  the  line  of  parting  within  20  or  25  meters. 

My  former  assistant,  Ifr.  Roderic  Crandall,  who  has  traveled  exten- 
sively in  Bahia,  Femambuco,  Piauhy,  Minas,  and  Goyaz,  writes,  in 
reply  to  my  inqtdries,  as  follows  regarding  the  preference  of  the  ante 
for  certain  soils :  ''  In  Bahia  the  ante  of  all  kinds  show  a  preference  for 
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the  Eetancia  and  Cabocio  shales;  next  to  these  the  granites  seem'  to 
have  the  biggest  nests." 

I  infer  that  the  smaller  number  of  the  momid3  on  the  sandy  soil  is 
due  to  the  fact  that  during  the  rainy  season  water  soaks  through  into 
the  burrows,  and  the  excavations  do  not  stand  up  where  the  soil  is  wet. 

Thinking  it  possible  that  the  exposure  of  the  mounds  or  of  the 
ground  on  which  they  stand  to  the  sim  might  influence  location  and 
distribution^  an  outlook  has  been  kept  with  these  questions  in  mind. 
It  does  not  appear  thus  far  that  such  exposure  influences  the  location 
or  size  of  the  mounds,  even  in  the  southern  part  of  Brazil,  where  the 
sun  is  on  the  north  most  or  all  of  the  year. 

THE  WHITE  ANTS,  OR  TERMITES. 
GENERAI    CHARACTERISTICS. 

The  so-called  white  ants,  or  termites,  belong  to  the  Isoptera,  and  are 
therefore  not  ants  at  all.  They  are  included  in  this  paper  solely  on 
account  of  the  geologic  work  done  by  them  in  the  Tropics,  which 
bears  a  certain  similarity  to  the  geologic  work  of  the  true  ants. 

In  Brazil  the  white  ants  are  commonly  known  by  the  name  of 
cupim.  In  their  habits  the  white  ants  botli  resemble  and  differ  from 
the  true  ants.  They  generally  avoid  the  light,  carrying  on  their 
work,  even  when  it  is  above  ground,  in  galleries  which  they  con- 
struct as  they  go.  Their  nests  are  sometimes  attached  to  tree  trunks 
or  rocks,  but  they  are  often  built  directly  upon  the  ground.  Not 
infrequently  these  nests  are  as  large,  or  even  larger,  than  the  nests  of 
the  true  ants,  but  they  are  very  different  in  shape  and  character. 

ABUNDANCE. 

Here,  again,  I  am  unable  to  give  anything  regarding  the  biology  of 
the  white  ants.^ 

Dr.  Fritz  Muller,  who  lived  for  many  years  in  southern  Brazil, 
reports  16  or  16  species  of  termites  in  that  part  of  the  coimtry,  but 
not  all  of  these  live  on  or  in  the  groimd. 

M.  Jules  Desneux,  in  his  monograph  on  the  TermitidsB,  reports  45 
species  from  Brazil  and  some  15  or  more  from  other  tropical  parts  of 
America. 

White  ants,  like  otuer  animals,  are  not  evenly  distributed  in  the 
tropical  parts  of  South  America.  They  are  so  much  less  obtrusive 
and  pugnacious,  however,  that  they  do  not  attract  the  attention 
as  promptly  as  do  the  true  ants. 

>  For  the  benefit  of  those  who  are  Interested  in  the  biology  of  white  ants  I  cite  the  following. 

K.  Escherlch:  Die  Termiten  oder  weiasen  Ameisen.  Bine  Biologische  Stadie,  vol.  13,  p.  198.  Leipslg. 
1900. 

Genera  Insectorom  iNibUes  par  P.  Wytaman.  Faao.  26,  Isoptera,  fam.  Termitidn  par  Jolea  Demenx, 
Bmxellei,  1904. 

38734*»— SM  1911 ^21 
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The  fact  tliat  the  white  ants  live  and  work  entirelj  under  cover 
mig^  naturally  lead  one  to  mfer  that  they  were  much  less  abundant 
than  the  true  anta.  But  nowhere  have  I  found  the  ground  as  thicklj 
covered  with  the  termites'  nests  as  with  those  of  the  true  ants,  a  fact 
probably  due  to  some  extent  to  the  methods  by  which  the  two  kmds 
of  insects  procure  their  food  supplies. 

I  have  never  been  able  to  estimate  the  number  of  individuals  in 
the  old  colonies,  nor  have  I  found  such  an  estimate  made  by  any- 
one else.  In  the  matter  of  numbers  we  are  obliged  to  dep^id  on 
general  impressions  gained  from  the  abundance  of  the  above-ground 
structures  of  the  separate  colonies  and  from  certain  of  their  habits. 
For  example,  it  is  stated  that  the  queen  of  an  allied  species  whose 
habits  have  been  studied  has  ''an  egg-laying  rate  of  60  per  mintutOi  or 
something  like  80,000  per  day."  ^ 

ANIMALS  FEEDING  ON  TEBMITES. 

As  the  white  ants  have  no  means  of  defense  against  thdr  natural 
enemies,  they  are  easily  destroyed  and  are  preyed  on  by  many  other 
insectivorous  animals.  Indeed,  one  of  the  impressive  evidences 
of  the  great  numbers  of  the  white  ants  in  South  America  is  the 
existence  there  of  certain  large  vertebrate  burrowing  animals  that 
are  said  to  feed  almost  exclusively  upon  the  white  ants.' 

The  great  ant-eater,  known  in  Brazil  as  the  tamandud  bandeira,  is 
said  to  live  entirely  on  ants.  Brazilians  acquainted  with  the  habits 
of  the  tamandud  tell  me,  however,  that  the  ant-eater  does  not  eat  the 
saMaa  or  other  biting  or  stinging  ants,  but  that  it  lives  chiefly  and 
almost  exclusively  on  the  cupim,  or  so-called  white  ant.  To  give  an 
idea  of  the  size  of  the  animal,  I  quote  the  following  measiu*emeiit8 
of  an  ant-eater  as  given  by  Wells:  Head,  16  inches;  back,  4  feet; 
tail,  4  feet;  total  length,  9  feet  4  inches.' 

The  existence  of  an  animal  as  big  as  an  ordinary  dog,  over  2  feet 
high  at  the  shoulder,  with  its  long,  slender  muzzle,  its  powerful 
forelegs  and  claws  adapted  to  the  excavation  and  exploration  of 
ant-moimds,  and  its  tongue  nearly  a  yard  in  length,  and  living 
chiefly,  if  not  entirely,  upon  white  ants,  is  an  important  witness 
on  the  side  of  the  abundance  of  termites  in  the  region  in  which  it 
lives.  Bates  reports  four  species  of  ant-eaters  in  the  Amazonas 
region,  two  of  which  are  large  and  two  small  ones  (op.  cit.,  2d  ed., 
p.  110),  while  Wallace  says  there  are  five  species  in  tropical  America, 
besides  one  extinct  form.* 

10.  L.  Marlatt:  Clroalar  CO,  p.  3,  Sd  ser.,  Bureau  of  Entomology,  U.  B.  Department  of  Agricaltur«. 
Waahington,  1906. 

s  Holea  often  found  In  the  mounds  of  the  trae  anta  shorr  that  some  of  these  lax^  ant-eatlng  ^n^mf^iiy  fe«d 
on  the  true  ants  also. 

*  J.  W.  Wells:  Three  thousand  miles  through  Brazil,  vol.  2,  p.  141.    London,  1886. 

« A.  R.  WaUaoe:  The  geographical  distribution  of  animals,  vol.  2,  p.  247.    New  York,  1870. 
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The  armadillos^  known  in  Brazil  saUUAa,  are  also  ant-eaters.  As 
Mr.  Wallace  points  out,^  the  armadillos  are  highly  characteristic 
of  tropical  South  and  Central  America,  and  at  the  time  of  the  puhlica- 
tion  of  his  famous  woric  on  the  geographical  distribution  of  Aninr^ftl^y 
the^  embraced  6  genera  and  17  species,  to  say  nothing  of  many 
extinct  species  found  by  Lund  in  the  caves  of  lifinas  Geraes.  Some 
of  these  armadiUos  are  so  large  that  a  single  indiyidual  will  weigh 
as  much  as  75  pounds,  or  even  more. 

They  live  upon  insects  chiefly,  and  the  white  ants  seem  to  be  their 
favorite  food.  They  enter  the  nests  by  digging  openings  at  the  base 
of  the  cones  with  their  powerful  fore  feet.' 

The  white  ants  also  form  the  principal  food  of  the  South  American 
ostrich  (Rhea  americana),  which  is  the  largest  bird  in  tropical 
America.'    ' 

In  addition,  there  are  large  numbers  of  birds  and  reptiles,  such  as 
toads,  frogs,  lizards,  and  snakes,  that  habitually  feed  upon  these 
insects. 

The  true  ants  are  enemies  of  the  white  ants  worthy  of  especial 
mention.  The  abundance  of  the  ants  and  their  pugnacious  disposi- 
tions make  them  serious  obstacles  to  the  development  of  the  termites' 
colonies,  and  they  are  probably  their  worst  natural  enemies.  The 
termites  have  in  their  colonies  forms  that  are  known  among  biologists 
as  soldiers,  but  so  far  as  I  have  been  able  to  determine  from  personal 
observations  these  soldiers  do  not  attack  the  true  ants,  though  they 
do  take  the  place  of  soldiers  in  obstructing  the  passage  of  the  ants  into 
the  termites'  nests  and  galleries. 

The  result  of  the  relations  existing  between  the  true  ants  and  the 
termites  is  that  the  two  kinds  do  not  thrive  together;  at  least  I  have 
never  found  the  termites'  nests  where  the  sa^Ohas  or  other  true  ants 
were  notably  abundant.  Preyed  on  by  the  true  ants  and  by  animals 
of  so  many  different  kinds,  and  even  by  insects  themselves,  it  occurs 
to  one  that  their  chances  of  survival  in  the  midst  of  so  many  enemies 
must  be  very  small.  That  survival  appears  to  be  due  largely  to  their 
habit  of  living  and  working  under  the  protection  of  their  covered 
roadways,  and  to  the  fact  that  their  roads  are  constructed  of  mate- 
rials that  are  remarkably  inconspicuous.  Nothing  could  look  more 
thoroughly  abandoned  and  lifeless  than  the  conunon  run  of  white 
ants'  nests  and  their  covered  passages;  yet  if  one  breaks  through 
these  coverings  he  will  usually  find  them  fairly  swarming  with  life. 

My  general  impression  is  that  those  white  ants  which  build  moimds 
of  earth  are  especially  abundant  in  the  highlands  of  Minas  Oeraes 
and  through  the  semiarid  portions  of  Sergipe,  Bahia,  Ooyaz,  Matto 

'    1  Alfred  R.  Wallace:  The  geographical  difltribution  of  anlinals,  701.1,  pp^  New  York,  1876. 

tThe  flesh  of  the  (oMt  ia  very  much  prlxed  for  food,  and  thla  naturally  leads  to  the  himtliigttiid  knHng 
of  tbcM  anfmala,  Tdikb  shonld  be  proteoted. 
•  Oeofgt  OardneR  Travele  in  the  interior  of  BrasU,  p.  280.    London,  1846. 
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Grofiso,  and  the  interior  of  Ceari,  Maranhio,  and  Piauhj.  Mr.  Cran- 
dall  tells  me  that  he  finds  them  most  common  on  the  Diamantina 
Plateau. 

STBUOTUBSS  ABOVS  OBOUKD. 

Oeneral  characUrisHea. — ^The  nests  of  the  white  ants,  or  eupinif 
have  no  visible  external  openings.     When  a  mound  is  new  or  is 


Ci      #.' 


Fio.  5.^AbOTe-fxoo2id  ftroctoro  of  white  ants. 

[Seven  kik>in«t«n  weit  of  Quelasy  between  Piqolry  and  8.  OoDgalM,  State  of 
photogimph  by  the  aathor,  Ang.  4, 1M7.] 


Mlnas  Oeraes.    From  a 


being  added  to,  the  outside  of  the  new  portion  is  so  soft  that  it  can 
be  readily  broken  oflF  with  a  stick;  but  with  time  the  outside  usually 
becomes  as  hard  as  a  sun-dried  brick.  This  hard  outside  covers  the 
entire  mound;  and  is  usually  about  6  inches  thick,  but  in  the  very 
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i  big  nests  it  is  sometimes  neariy  or  quite  a  foot  thick.  Inside  of  this 
hard,  thick  coTering  the  materials  are  quite  soft  and  brittle,  and  the 
partitions  are  sometimes  aknost  as  thin  as  paper,  though  thicker  in 
the  larger  nests.     Where  the  mound  stands  on  the  ground,  the  cavi- 


TiQ.  0.— Mound  of  termites  or  white  ants,  State  of  Minas  Oeraes,  Brasil. 
[From  a  photograph  bj  R.  CrandaU;  Jolj,  1909.] 

ties  of  the  upper  portion  connect  through  the  perforated  base  with 
subterranean  excavations. 

Parts  of  the  nests  are  made  of  the  excrement  of  the  inhabitants. 
I  have  olten  broken  the  nests  or  the  covered  roads  of  these  insects 
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in  order  to  obeerve  the  workers  repair  them.  In  every  case  observed  j 
the  repairs  were  made  by  building  up  a  wall  or  covering  of  excre- 
ment or  something  of  the  kind.  At  least  it  is  voided  from  the  poste- 
rior part  of  the  body  in  a  plastic  condition,  and  is  smoothed  down 
on  the  ddes  so  that  the  later  layers  always  override  the  earlier  ones 
on  both  sides  of  the  wall.  An  examination  of  their  construction, 
however,  shows  that  they  are  made  partly  of  clay  or  the  earth  about 
the  nest  and  partly  of  woody  fiber.  These  two  substances  are 
variously  mixed  in  structure,  sometimes  one  being  moro  abundant, 
sometimes  the  other.  An  examination  of  the  materials  of  the  out- 
ride part  of  the  ^arge  and  old  nests,  however,  shows  that  this  part 
of  the  nest  at  least  contains  fragments  of  quartz,  sand  grains,  and 
such  like  rock  fragments  that  coidd  not  possibly  have  passed  through 
the  bodies  of  the  insects.  The  structure  of  some  of  the  nest  walls 
suggests  that  these  walls  are  constructed  partly  of  earth  and  rock 
fragments  brought  up  from  beneath  the  ground  and  built  into  the 
nests  by  cementing  them  together  with  excrement  or  some  other 
adhesive  substance. 

The  outer  parts  of  the  nests,  when  they  stand  on  the  ground,  are,  so 
far  as  my  observations  go,  always  made  of  earth  cemented  in  a  thick, 
hard  wall.  In  the  inner  portions  of  the  nest  the  partitions  are  thinner, 
and  though  they  are  made  largely  of  an  easy-spreading  day,  they  are 
often  made  partly,  or  at  least  overspread,  with  a  dark,  finable  sub- 
stance that  has  the  appearance  of  being  masticated  wood,  leaves,  or 
other  organic  matter. 

The  openings  through  the  mass  of  the  nests  are  pretty  uniform  in 
size,  being  from  3  to  10  millimeters  in  diameter  and  averaging  close  to 
5  or  6  millimeters.  The  openings  within  the  nests  sometimes  have  the 
appearance  of  being  arranged  in  rude  tiers;  sometimes  they  are  appar- 
ently haphazard  labyrinths. 

The  extemfd  forms  of  the  nests  vary  considerably,  but  unfortu- 
nately I  do  not  know  whether  this  variation  is  due  to  difference  in  the 
species  of  termites,  to  difference  in  the  nature  of  the  ground,  or  to 
other  causes. 

As  a  rule,  the  mounds  are  rudely  domed,  rounded  or  conical,  and  the 
method  of  adding  to  the  outside  gives  them  a  bumpy,  lumpy  appear- 
ance, so  that,  as  Burmeister  suggests,  they  resemble  gigantic  Irish 
potatoes.  In  some  localities  t^iey  are  mostly  tall  and  slender.  Most 
of  the  tall,  slender  forms  observed  have  been  in  wet  ground  or  on 
ground  that  is  sometimes  overflowed.  For  this  reason  it  is  inferred 
that  these  forms  are  due  to  the  presence  of  water  rather  than  to  a  dif- 
ferent species  of  termites.  In  size  they  also  vary  greatly.  I  have 
seen  them  as  much  as  6  meters  high  and  8  meters  in  circumference,  but 
these  very  large  ones  are  exceptional. 
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In  southern  Minas,  south  of  Barbacena,  Dr.  R.  Walsh  notes  mounds 
of  the  white  ants  10  or  12  feet  high.^ 

In  the  Tidnity  of  Caxunbu^  in  southern  Mnas,  white  ants'  nests  axe 
said  to  be  4  meters  high  and  nearly  2  meters  in  diameter  at  the  base. 
In  the  yicinity  of  Taubat6,  S&o  Paulo,  they  are  often  2.4  meters  high, 
while  about  the  city  of  S&o  Paulo  they  usually  are  1  meter  and  less  in 
height. 

Over  the  level  table-lands  of  the  interior  of  Piauhy,  where  the  soil 
is  red  day,  the  mounds  of  white  ants  are  abundant  and  often  6  or 
8  feet  high.^ 

At  and  about  Asundon^  in  Paraguay,  I  found  the  nests  very  abun- 
dant on  the  dayey  soils,  and  many  of  them  as  much  as  3  meters  high. 


Fio.  7.— White  ants'  nest  buUt  of  eartb,  in  the  State  of  Minas  Qi 
[From  a  photograph  by  R.  Ciandall,  July,  1909.] 

The  outer  portion  of  the  nest  being  thick,  hard,  and  compact,  and 
the  inside  being  friable  and  easily  removed,  it  is  a  custom  in  the  inte- 
rior of  Brazil  and  Paraguay  to  scoop  out  the  inside  of  white  ants'  nests 
and  to  use  them  for  ovens.  The  door  is  cut  near  the  base  of  the  cone, 
and  the  inside  parts  removed  through  it. 

The  accompanying  illustrations  will  probably  give  a  better  idea  of 
the  sizes  and  shapes  of  the  nests  than  verbal  descriptions. 

Sir  Woodbine  Parish  speaks  of  ''Corrientes  and  Paraguay,  where 
whole  plains  are  covered  with  their  dome-lilce  and  conical  edifices, 
rising  5  and  6  feet  and  more  in  height."' 

i  Bev.  B.  Walsh:  Notices  of  BratU  In  1828  and  1829,  yoL  2,  p.  60.    Boston,  1831. 

•  George  Gardner:  Travels  in  the  interior  of  Braxil,  p.  280.   London,  1846. 

•  Sir  Woodbine  Parish:  Buenos  Ayres  and  the  Provinces  of  Rio  de  la  Plata,  2d  ed.,  p.  252.   London,  1852; 
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In  the  region  about  the  headwaters  of  the  Paragoaj  the  nests  of  the 
white  ants  are  extremely  abundant  in  favorable  localities,  and  the 
forms  of  the  nests  are  different  from  those  noted  in  other  parts  of  trop- 
ical America.  The  tall  and  yery  slender  forms  are  especially  notice- 
able in  the  low,  flat  prairie  lands  south  of  Cuiaba.  (See  fig.  8.)  These 
slender  forms  are  known  in  that  part  of  Brazil  by  the  Indian  name  of 
taeuHi. 

Age  of  (he  moundi. — The  method  of  building  the  mounds  and  the 
habits  of  the  termites,  so  far  as  I  am  acquainted  with  them,  lead  to  the 
conclusion  that  the  size  of  a  mound  is  determined  by  its  age  and  by  the 
size  of  the  colony  building  it.  Just  how  long  it  requires  to  build  the 
large  mounds  I  have  but  UtUe  means  of  judging.  One  frequently  sees 
nests  built  on  houses  and  fences,  and  in  these  cases  it  has  been  possible 
to  determine  the  maximum  ages  of  these  particular  nests.    These 


w  r^y^^;^fM(7V'^Jir/m^^ ' 


Vto.  8.— Wbita  ants'  nest  of  earth  in  Matto  Orooo,  on  the  plains  of  the  Upper  Panguay. 
[Sketch  by  J.  C.  Branner.) 

cases,  however,  afford  only  a  suggestion.  The  oldest  nests  I  have 
seen,  and  of  which  I  could  get  an  idea  of  their  ages,  were  not  more 
than  50  years  old,  and  the  biggest  of  them  contained  a  little  less  than 
1  cubic  meter  of  earth,  the  estimate  being  made  without  reference  to 
the  cavities  within  the  mass. 

It  is  evident  that  the  size  and  age  in  one  of  these  cases  may  or  may 
not  help  one  to  determine  the  time  occupied  in  the  construction  of  one 
of  the  very  large  nests  figured  in  this  paper,  for  the  rates  of  building 
may  have  been  very  different. 

UNDERGROUND  STRUCTURES. 

The  above-ground  structures  of  the  white  ants  connect  with  under- 
ground passageways,  but  wherever  I  have  seen  these  passageways 
opened  they  appeared  to  have  been  excavated  and  then  to  have  been 
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filled  with  smaller  chambers  made  of  materials  like  that  used  to  make 
the  chambers  of  the  mounds  above  ground.  An  examination  of  the 
thin  chamber  walls  found  in  some  of  the  underground  excavations 
shows  that  they  have  been  constructed  of  soft,  plastic  materials,  so 
piled  up  that  each  later  addition  overlaps  the  preceding  one  on  both 
sides  of  the  wall.  The  materials  are  partly  of  reddish  clay  like  that 
of  the  groimd  in  which  the  nest  is  made  and  partly  of  a  dark  brown 
substance  that  I  take  to  be  organic  matter — probably  masticated 
plants. 

I  have  never  seen  the  excavations  made  by  the  white  ants  more  than 
a  meter  and  a  half  below  the  surface,  but  I  have  heard  of  them  being 
found  considerably  deeper.  My  friend,  Dr.  Joaquim  Lustosa,  of 
Lafayette,  State  of  Minas  Geraes,  writes  me  on  this  subject:  "As  for 
the  depth  to  which  they  penetrate  the  ground,  it  is  my  impression 
that  it  is  but  Uttle  more  than  3  meters.'' 

RELATION  OF  NESTS   TO  1HB   SOIL. 

Tbe  white  ants  do  not  seem  to  be  so  dependent  on  the  character  of 
the  dsoil  as  do  the  true  ants.  This  is  probably  due  to  the  fact  that 
wh^i  the  true  ants  excavate  their  tunnels  in  the  earth  they  depend 
on  the  character  of  the  ground  and  the  form  of  the  excavations  to 
support  the  structures.  The  white  ants,  on  the  other  hand,  depend 
partly  on  the  nature  of  the  soil,  but  partly  on  their  method  of  cement- 
ing the  materials  of  which  their  nests  are  made. 

The  preference,  however,  of  the  termites  for  certain  soils  and  certain 
localities  is  very  evident  in  some  districts.  On  the  upper  Paraguay 
places  have  been  seen  where  the  nests  are  quite  thick  over  certain 
areas,  while  there  were  none,  or  but  few,  on  an  adjoining  area.  Wher- 
ever these  marked  contrasts  have  been  observed,  however,  they  have 
apparently  been  due  to  a  difference  in  the  amount  of  moisture  in  the 
ground.  I  have  thought  that  the  white  ants  ore  sometimes  found  in 
rather  wet  ground,  because  they  are  there  comparatively  free  from 
the  attacks  of  their  enemies,  the  true  ants. 

Opinions  of  Brazilians  in  regard  to  the  distribution  of  the  termites' 
nests  vary  considerably;  some  think  they  arc  more  abundant  in  the 
open  campo  regions  tiian  in  the  forests;  others  think  they  prefer 
fields;  still  others  think  they  are  favored  by  a  dry  climate.  All  of 
these  views  appear  to  have  more  or  less  support.  I  have  much  doubt, 
however,  about  the  theory  of  their  preferences  for  campos.  It  is  true 
that  they  do  appear  very  abundant  in  the  campo  regions,  but  I  am  of 
the  opinion  that  tJie  appar^it  abundance  is  deceptive  and  due  to  the 
fact  that  all  the  nests  are  visible  at  once  over  a  wide  area  (pi.  1,  fig.  2), 
wiiile  in  a  forest-covered  area  no  nests,  or  but  few  nests,  can  be  seen  on 
account  of  their  being  concealed  by  the  dense  vegetation.    This  im- 
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preesion  has  been  deepened  by  the  fact  that  m  several  instances  where 
the  forests  have  been  cleared  awaj  the  mounds  of  the  white  ants 
appear  to  be  quite  as  abundant  as  they  are  in  the  old  clearings  or 
on  the  open  campos. 

Further  support  is  given  this  theoiy  bj  MaTimitien,  Prince  de 
Wied-Neuwied,  who,  in  speaking  of  the  white  ants'  nests  near  Con- 
quista,  in  the  southwestern  part  of  the  State  of  Bahia,  says  that  they 
are  extremely  abundant  in  covered  and  wooded  places.^ 

BELATIONS   TO   VEGETATION. 

Compared  with  the  true  ants,  the  white  ants  are  harmless.  At  least 
they  do  not  attack  crops  and  animals  or  render  certain  locaUties  unin- ' 
habitable.  The  harm  they  do  to  agriculture  is  confined  to  the  mere 
encumbrance  of  the  ground  by  their  big;  hard,  rock-like  nests.  They 
do,  however,  destroy  wood  used  in  the  construction  of  fences,  houses, 
bridges,  and  fiuniture,  and  they  sometimes  burrow  into  books  and 
papers  that  are  left  to  stand  for  a  long  time  imdisturbed. 

I  quote  below  some  remarks  of  other  writers  in  regard  to  the 
destruction  of  timbers  by  termites,  but  I  must  add  that  I  am  disposed 
to  question  the  rate  at  which  these  insects  are  said  to  destroy  wood. 
My  own  observatioib  lead  me  to  conclude  that  the  idea  expressed  by 
Drummond  and  others  that  a  piece  of  furniture  may  be  destroyed  in 
a  night  is  simply  a  picturesque  way  of  putting  it.  In  the  first  place, 
there  are  certain  kinds  of  wood  (in  Brazil  at  least)  that  the  termites 
do  not  attack  at  all.  I  am  imable  to  say  just  now  ^^uit  kinds  they 
are,  but  it  is  a  matter  of  common  information  among  Brazilian 
carpenters  and  cabinetmakers. 

In  the  second  place,  the  method  of  discovery  of  their  destructive 
work  frequently  leaves  an  erroneous  impression.  In  accordance  with 
their  general  habit  of  keeping  away  from  the  light,  termites  attack  a 
piece  of  wood  that  forms  a  part  of  a  building  from  within.  Their 
work  does  not  appear  at  the  siurf  ace  at  all,  and  it  may  be  carried  on 
for  months,  or  even  for  years,  without  its  being  discovered.  But 
some  day  a  window  sill  crushes  in,  a  doorpost  is  shattered  by  a 
trifling  blow,  or  a  rafter  gives  way  without  its  ever  having  been  sus- 
pected that  they  were  being  attacked  by  the  cupim.  The  suddenness 
of  the  discovery  not  imnaturally  leads  to  the  imwarranted  inference 
that  all  this  work  was  done  during  the  preceding  night. 

It  should  be  noted  that  although  the  white  ants  are  abundant  in 
forests,  I  am  not  aware  that  they  ever  attack  the  Uving  trees.  They 
appear  to  eat  only  the  dead  trunks  or  dead  Hmbs  or  bark.  Many  of 
them  build  their  nests  on  the  trees.  Nests  found  high  up  on  tree 
trunks  are  always,  so  far  as  I  have  observed,  made  of  woody  matter 


1  Voyage  «i  Brteil,  vol.  8,  p.  129.    Paris,  1822. 
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and  not  of  earth.    Those  on  trunksi  only  a  meter  or  two  above  the 
ground,  are  often  made  partly  of  woody  matter  and  partly  of  earth. 

GEOLOGIC  WORK. 
SABTH  HOYED. 

The  amount  of  earth  brought  to  the  surface  by  ants  in  a  few 
instances  has  been  given.  The  calculations  at  page  316  show  that  in 
one  case  the  earth  brought  up  would  cover  the  ground  to  a  depth  of 
22.25  centimeters.  An  estimate  by  Gounelle  ^  makes  the  earth  brought 
up  15  centimeters  thick.  In  neither  of  these  cases  is  it  known  how 
long  the  building  of  the  moimds  occupied. 

Mr.  Darwin's  study  showed  that  the  earthworms  in  many  parts  of 
England  bring  to  the  surface  annually  10,516  kilograms  of  earth  to  the 


Fio.  10.-WUte  aata' Oflrt  In  a  tzoe,  SaUtn  VaU«7i  Btote  of  Bahia. 
[J.C.Bzaiui«r,1907.) 

acre.'  In  order  to  compare  the  work  of  ants  with  that  of  earthworms, 
it  would  be  necessary  to  know  how  long  the  ant  hills  were  in  process  of 
formation.  Unfortunately;  I  have  no  trustworthy  means  of  deter- 
mining the  ages  of  the  mounds.  If  we  assume  an  average  of  100 
years  for  the  age  of*  the  mounds  over  the  area  measured  (an  average 
which  seems  to  me  quite  conservative  in  this  case),  the  total  work  of 
worms  and  ants  would  compare  as  follows: 

Total  weight  of  earth  brought  to  the  surface  in  100  years  over 
1  hectare  (10,000  square  meters) : 


By  worms  in  England 2, 698, 600 

By  ants  in  BrazO 3, 226, 260 

i  B.  Goimdle:  Ann.  Loa  Entom.    Fnnoe,  7  sor.  No.  6, 1SB6,  pp.  883-338. 

1  Cbttles  Darwin:  The  forxnatlon'of  vegetable  mold  throogh  the  aotton  of  worms,  p.  305.   New  York^ 
1382. 
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It  is  to  be  noted  that  the  amount  of  work  done  in  both  instances  is 
rather  exceptional — that  is,  looalities  were  sdected  favorable  for 
exhibiting  the  activities  of  worms  in  one  case  and  of  ants  in  the  other. 

I  have  no  trustworthy  data  showing  the  amount  of  earth  brought  to 
the  surface  by  termites  over  a  definite  area.  The  places  seen  where 
the  nests  were  most  abundant  were  in  low,  inaccessible  grounds  on  the 
upper  Paraguay.  My  impression  is  that  in  those  particular  locahties 
there  was  lees  earth  brought  up  than  in  the  case  of  the  true  aats 
cited  above. 

The  sizes  of  individual  white  ants'  nests  were  frequently  measured. 
One  of  the  largest  I  ever  saw  in  liGnas  Geraes  was  6  meters  hi^  and  8 
meters  in  circumference  2  meters  above  the  ground,  and  contained 
30.55  cubic  meters  of  earth,  no  accoimt  being  tak^Di  of  the  porous 
nature  of  the  structure,  which  would  probably  reduce  this  total  by 
3  or  4  cubic  meters. 

Another  unusually  large  mound  in  the  State  of  Minas  was  4  meters 
high  and  7  meters  in  circumference  2  meters  above  the  base,  and  con- 
tained 15.59  cubic  meters  of  earth.  These  are  individual  cases, 
however,  and  I  am  unable  to  say  how  large  an  area  the  contents  can 
properly  be  distributed  over,  how  long  the  termites  were  in  doing  the 
work,  or  how  large  the  colonies  were  that  made  them. 

In  the  case  of  the  white  ants,  the  earth  undergoes  some  process  of 
digestion  and  passes  through  the  bodies  of  these  insects,  so  that  the 
chemical  effect  is  probably  more  important  than  the  mere  uptiuning 
it  gets  from  the  true  ants. 

OSOANIO  MATTEB. 

The  true  ants  carry  into  their  burrows  enormous  quantities  of  leaves 
and  other  organic  matter.  These  leaves  must  yield  either  directly  or 
indirectly  organic  adds,  which  help  attack  the  soil,  the  minerals,  and 
the  rocks  with  which  they  come  in  contact. 

The  organic  matter  carried  into  their  burrows  by  the  termites  con- 
sists chiefly  of  the  decayed  wood  and  other  vegetation  eaten  by  them. 
These  materials,  however,  can  not  fail  to  c(Mitribute  organic  acids 
that  help  attack  the  minerals  of  the  soil  and  adjacent  rocks. 

OPENINGS   IN  THE   SOIL. 

The  extensive  subterranean  excavations,  especially  those  of  the 
true  ants,  permit  the  freer  circulation  of  atmospheric  air  and  of  carbon 
dioxide.  These  channels  must  also  serve  from  time  to  time  for  the 
passage  of  meteoric  waters,  and  their  great  extent  and  ramification 
must  hasten  very  considerably  all  the  processes  of  atmospheric  disin- 
tegration and  alteration  of  soils^  minerals,  and  rocks. 

Unfortunately  we  have  no  observations  at  present  that  enable  us  to 
give  quantitative  values  to  these  underground  agencies  and  activities. 
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We  only  know  that  the  openings  beneath  the  surface  are  rudely  equal 
to  the  amount  of  soil  in  the  above-ground  structures. 

Ants  and  termites  are  vastly  more  numerous  in  tropical  America 
than  they  are  in  the  temperate  r^ons. 

They  show  a  marked  preference  for,  or  rather  their  structures  stand 
up  better  on,  clayey  than  on  sandy  soil. 

They  affect  the  geology,  especially  the  soil  and  subsoil,  both  directly 
and  indirectly. 

Directly: 

1.  By  their  habits  of  making  underground  excavations  that 

radiate  from  a  central  nucleus  and  often  aggregate  several 
miles  in  length. 

2.  By  opening  the  soil  to  atmospheric  air  and  gases. 

3.  By  bringing  to  the  surface  large  quantities  of  soil  and  subsoil. 

4.  By  introducing  into  their  subterranean  excavations  large 

quantities  of  organic  matter  which  must  yield  acids  that 
affect  the  soil  and  the  subjacent  rocks. 

5.  By  using  these  excavations  for  habitations  and  the  produc- 

tion of  gases  that  attack  the  soil  and  its  contained  min- 
erals. 
Indirectly: 

6.  By  the  periodic  passage  and  circulation  of  meteoric  waters 

through  their  extensive  tunnels. 

7.  By  affecting  the  availability  of  the  soil  for  agricultural  pur- 

poses. 

8.  By  affecting  the  habitability  of  the  land  by  man. 

9.  By  the  destruction  of  crops. 

10.  By  the  consiunption  (by  termites)  of  dead  plants  and  of  tim- 
bers and  lumber  used  in  houses  and  for  the  manuf actiu*e  of 
fiumtm^,  machinery,  etc. 
Although  the  data  available  are  defective,  we  seem  to  be  warranted 
in  concluding  that  ants  and  termites  are  quite  as  important  geologic 
agents  in  tropical  America  as  are  the  earthworms  of  temperate  zones. 
They  are  also  factors  of  great  importance  from  an  agricultural, 
economic,  and  social  point  of  view. 
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ON  THE  VALUE  OF  THE  FOSStt.  FLORAS  OF  THE  ARCTIC 
REGIONS  AS  EVIDENCE  OF  GEOLOGICAL  CLIMATES.* 


By  Troi.  A.  G.  Natbobot,  of  Stockholm. 
Trmnslated  from  the  French  original^  by  E.  A.  Nbwbll  Arbbr,  M.  A.,  F.  G.  S. 


Among  the  problems  which  are  constantly  called  to  mind  during 
geological  explorations  in  the  Arctic  regions,  that  of  the  climates  of 
the  past  naturally  demands  special  attention.  The  contrast  between 
the  present  and  the  past  is  there  more  striking  than  in  any  other 
region.  Beneath  the  snow  and  ice  bordering  the  Arctic  Sea  one 
marvels  to  find,  for  example,  large  corals  in  beds  belonging  to  the 
Carboniferous  system,  or  again  the  remains  of  saurians,  ammonites, 
or  nautUoids  in  those  of  Triassic  age.  But  when  one  bears  in  mind 
the  extreme  richness  of  the  invertebrate  fauna  of  the  Arctic  Seas 
to-day,  when  one  remembers  the  colossal  whales  which  find  their 
subsistence  in  these  waters,  one  may  be  inclined  to  ask  if  it  has  not 
been  an  error  to  conclude,  from  the  occurrence  of  the  fossils  above 
mentioned,  that  the  climate  was  formerly  more  genial  than  it  is  to-day. 
Should  we  not  be  xmderestimating  the  creative  power  of  life  if  we 
imagine  that,  among  the  saurians,  the  anunonites,  and  the  nautiloids, 
no  species  has  been  able  to  develop  which  was  adapted  to  life  in  the 
Arctic  Seas?  If  the  reindeer  and  the  musk  ox  were  extinct,  who 
would  imi^ine  that  these  beasts  were  able  to  flourish  on  the  scaiity 
vegetation  of  the  high  parallels  north  of  80^  of  latitude  ?  And  who 
would  suppose  that  such  monsters  as  the  mammoth  and  the  woolly 
rhinoceros  could  find  sufficient  nourishment  in  the  poor  vegetation 
of  the  tundras  or  the  coniferous  forests  ?  Such  examples  teach  pru- 
dence; there  is  certainly  no  question  which  requires  so  much  caution 
as  the  problem  of  deducing  from  the  faunas  of  the  past  the  climatic 
conditions  \mder  which  they  flourished. 

This  remark  applies  with  equal  force  to  the  floras.  Although 
to-day  the  cycads  only  occur  in  warm  regions,  it  would  be  an  error 

1 A  pap«r  read  before  the  Eleventh  International  Qeological  Congress  on  Ang.  25, 1910.  *'Sar  la  yaleur 
des  florea  foasOes  dea  r^ons  arotlques  oomme  preove  des  dimats  gtologlqaes/'  Stooldiolin,  1010.  Also  in 
Compt.  Bend.  Eleventh  Intern.  OeoL  Congr.,  Stockholm,  1912.  Reprinted  by  permiarion  from  the  Oeo- 
logieal  Magazine,  London,  Decade  V,  vol.  8,  No.  563,  pp.  217-235,  May,  1911. 

1 0110  English  translation  has  been  revised  by  Prof.  Nathorst,  and  referenoes  added. 
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to  conclude  that  the  cjcadophyta  of  the  past  have  always  flourished 
under  similar  conditions.  On  the  contraiy,  we  must  admit  that  dur- 
ing the  Mesozoic  period,  when  these  plants  were  abundant,  it  would 
no  doubt  have  been  possible  to  find  several  species  which  had  adapted 
themselves  to  an  Alpine  climate  if  such  a  one  had  then  existed.  And 
if,  since  then,  the  differentiation  of  climates  has  begun  to  make  itself 
felt,  it  would  be  again  a  case  of  overlooking  the  creative  power  of 
life  if  we  assumed  that  none  of  the  species  of  cycadophjtes  were 
able  to  adapt  themselves  to  a  temperate  climate  in  the  Polar  regions. 
Again  we  meet  with  difficulties,  even  when  we  study  the  plants  of 
the  Tertiary  period,  which  are  assigned  to  genera  still  living.  Our 
common  jimiper  (Juniperua  communis,  linn.),  which  exists  in 
northern  Europe  as  far  north  as  the  North  Cape,  exceeds  by  20  to  25 
degrees  of  latitude,  in  the  Eastern  Hemisphere,  the  northern  limit, 
not  only  of  the  other  species  of  this  genus,  but  also  the  whole  family 
of  the  cupressinesB.  Now,  if  one  imagined  that  the  common  juniper 
were  extinct,  one  would  naturally  draw  conclusions  relative  to  the 
fossil  remains  from  the  distribution  of  the  other  species,  and  <me 
would  consequently  suppose  that  it  lived  under  a  climate  much 
wanner  than  is  actually  the  case.  One  would  scarcely  imagine  that 
we  were  concerned  with  a  plant  adapted  not  only  to  temperate  but 
also  to  Arctic  climates.  (One  finds  the  juniper,  on  the  western  side 
of  Greenland,  up  to  the  sixty-fourth  parallel.) 

These  examples  counsel  prudence,  and  the  matter  should  be  treated 
with  judgment  and  circumspection.  But,  even  if  it  is  necessary  to 
make  reservations,  when  one  seeks  to  determine  from  the  fossil  plants 
the  nature  of  the  former  climates  in  the  Arctic  regions^  at  least  one 
can  not  doubt  that  they  were  distinctly  warmer  than  that  of  the 
present  day.  The  difficulty  of  explaining  these  former  climates, 
especially  when  one  has  to  take  into  ccmsideration  the  length  of  the 
winter  ni^^t,  is  without  doubt  the  reason  which  has  led  some  scientists 
to  evade  the  question,  instead  of  seeking  to  solve  it.  It  is  indeed  a 
case  of  evading  the  question  when  it  is  boldly  asserted  that  the  plant- 
remains,  on  which  Heer  ^  has  based  his'  theories  of  ancient  Arctic 
climates,  have  been  drifted  by  marine  currents  to  the  places  where 
they  have  been  found. 

It  is  not  to  be  disputed  that  plant  d^ris  may  be  transported  in 
water  for  a  very  great  distance  without  being  damaged,  provided  that 
they  are  carried  at  a  sufficient  depth  to  escape  the  influence  of  the 
movements  of  the  surface  layers  of  the  water.  When  Agassiy.  was 
engaged  in  dredging  on  the  American  coasts,  he  found  that  the  bottom 
of  the  sea — sometimes  to  a  depth  of  nearly  3,000  meters — was  covered 
with  plant  debris,  such  as  wood,  branches,  leaves,  seeds,  and  fruits, 

>  O.  Heer,  Flora  fouttit  arctlca,  vols.  1-7,  Zflrlch,  1868-1888. 
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in  all  stages  of  decay.  Also,  in  certain  places,  these  remains  were 
still  fairly  abundant  at  a  distance  of  l^lOO  to  1,200  kilometers  from 
the  shore.  This  distance  corresponds  to  about  10  degrees  of  latitude. 
It  is  thus  proved  that  the  remains  of  plants  may  be  transported  for 
very  considerable  distances.  But  this  is  true  only  of  marine  deposits. 
If  we  are  concerned  with  fresh-water  sediments,  the  example  given 
has  no  bearing  on  the  case. 

One  might,  however,  reasonably  suppose  that  a  river,  flowing  in 
the  direction  of  the  meridian  from  soutii  to  north,  might  have  carried 
from  the  southern  regions  leaves  and  other  fragments  of  vegetation 
which  became  buried  in  some  deposit  of  the  stream  itself,  or  of  a  lake^ 
which  it  traversed,  or  of  its  delta.  This  is  a  possibility  which  must 
not  be  neglected,  but  on  the  other  hand  it  must  not  be  treated  as 
though  it  were  an  ascertained  fact,  since  we  do  not  know  how  far  it 
applies  to  the  case  in  point. 

The  fact  is,  it  is  puerile  to  attempt  to  draw  conclusions  as  to  the 
ancient  climates  of  the  Arctic  regions,  before  the  nature  of  the 
deposits  in  which  the  fossil  plants  have  been  found  has  been  ascer- 
tained. It  is  especially  important  that  an  attempt  should  be  made 
to  answer  the  question.  Did  the  plants  once  flourish  in  the  neighbor- 
hood of  the  deposits  in  which  they  are  found,  or  were  they  trans- 
ported from  far-away  lands  f  It  is  this  question  which  an  attempt 
will  here  be  made  to  solve,  by  furnishing  a  concise  r£sum6  of  the 
principal  beds  containing  fc^sil  plants  in  the  Arctic  regions. 

In  Bear  Island,^  and  in  EUesmere  Land,'  beds  extremely  rich  in 
plant  remains  are  met  with  belonging  to  the  Devonian  system.  The 
fossil  plants  of  Bear  Island  occur  in  the  series  of  beds  which  also 
include  several  seams  of  coal.  Beneath  the  coal,,  which  is  composed 
essentially  of  the  bark  and  trunks  of  Boihrodendron,  one  finds,  as 
elsewhere,  bituminous  schists  containing  roots,  and  from  this  one 
can  show  that  the  plants  of  which  we  speak  flourished,  at  least  in 
part,  in  situ.  This  is  likewise  proved  by  the  actual  nature  of  the 
plants,  as  much  in  the  older  beds  with  Archseapteris  Jimbriata  Nath., 
as  in  the  more  recent  with  Paeudohomia  ursina  Nath.  The  latter 
species  has  been  found  with  large  stems  or  rhizomes,  as  well  as  veiy 
small  ones,  only  a  few  millimeters  in  diameter,  to  which  extremely 
delicate,  almost  membranous,  leaves  are  still  attached.  It  is  hence 
quite  certain  that  there  is  here  no  question  of  the  plants  having  come 
from  distant  regions.  The  materials  have  not  been  sorted  out.  One 
sees  a  medley  of  branches,  small  and  large,  and  the  perfection  of  the 

1  A.  O.  Nathofst,  "Zor  Oberdevonisoheii  Flora  der  Blran  Inael:"  Kongl.  Sveoska  Vet-Alcad.  HandL. 
TO).  86,  No.  3,  Stockholm,  1902. 

t  Id./'  Dto  Oberdevonische  Flora  des  BDesmere  I»andes: "  Rep.  2nd  Norweg.  Arctic  Ezped.  in  the  Fram  * 
▼oL  1,  t^hristlania,  1904. 
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preservation  of  their  delicate  leaves  demonstrate  conclusively  that 
they  have  not  undergone  transportation  from  afar.  The  same  applies 
to  Archaeopteris  Jiwhriaia.  The  beds  of  coal,  the  clay  with  rootlets, 
and  the  very  nature  of  the  plants  themselves,  all  point  to  the  same 
conclusion,  namely,  that  we  have  here  a  flora  which  flourished  in  part 
on  the  very  spot  where  it  is  now  found. 

As  I  have  already  pointed  out  in  my  description  of  the  Devonian 
flora  of  EUesmere  Land,  one  arrives  at  the  same  conclusions  here  also^ 
and  it  is  unnecessary  to  enter  into  further  details. 

In  the  Arctic  regions,  culm  deposits,  yielding  fossil  plants,  are 
known  from  Spitsbergen,'  from  the  northeast  of  Greenland,*  and 
probably  from  the  south  of  Melville  Island,  in  the  Arctic  Archipelago 
of  America. 

We  will  here  concern  ourselves  only  with  Spitsbergen,  although  it 
may  be  mentioned  in  passing  that  the  flora  of  the  culm  discovered 
by  the  Danish  expedition  to  Northeast  Greenland,  in  latitude 
81^  north,  consists  of  nearly  the  same  species  as  that  of  Spitsbergen. 
The  latter  flora  has  been  observed  in  many  localities  up  to  79**  of 
latitude.  It  is  characterized  by  the  presence  of  Stigmaria,  with 
appendicular  organs  radiating  in  all  directions,  still  in  continuity,  and 
penetrating  the  clay  beneath.  We  are  thus  able,  in  several  places,  to 
observe  the  presence  of  Stigmaria  in  situ,  which  furnishes  undeniable 
evidence  of  the  fact  that  ihe  plants  lived  in  the  place  where  we  now 
find  them.  The  stems  of  Lepidodendron  found  in  the  same  place  have 
a  diameter  of  at  least  40  cm.  It  would  be  superfluous  to  give  other 
examples,  for  one  can  scarcely  doubt  that  the  plants  of  the  culm  have 
flourished  in  the  very  place  in  which  they  are  now  found,  or  in  its 
vicinity. 

On  the  other  hand,  the  observations  which  relate  to  the  Triassic 
plants  of  Spitsbergen  and  eastern  Greenland  are  somewhat  different. 
The  latter  ones  belong  to  the  RhsBtic  Series  and  include  several  species 
of  PterophyUum,  Podo2samites,  dadoplilebis,^  etc.  In  Spitsbergen  one 
finds  them  as  far  north  as  78^.  Neither  there  nor  in  Eastern  Green- 
land, where  one  meets  with  them  between  the  70th  and  71st  parallel, 
are  they  associated  with  beds  of  coal,  but  the  manner  in  which  they 
occur  in  Greenland  indicates  that  in  no  case  have  they  traveled  from 
very  distant  localities.  One  has  not  with  certainty  observed  any 
marine  petrifactions  associated  with  the  plants,  but  it  has  not  yet 
been  clearly  determined  whether  the  Triassic  beds  with  fossil  plants 
of  Spitsbergen  are  of  marine  or  of  freshwater  origin. 

1  A.  O.  Nsthofft,  "Zor  PaUkMEOlschen  Flora  der  Arotischen  Zone:''  KongL  Svenska  Vet-Akad.  HandL, 
VOL  20,  No.  4;  Stockholm,  18M. 

•  Id.,  "ContributioD8  to  the  CarbonlliBroiis  Flora  of  Northeastern  Greenland:"  Meddelelser  om  Grdnland, 
vol.  43;  Copenhagen,  1911. 

•  N.  Haru,  <<Plaat«fot8teiiliiger  fra  Cqp  Stewart  i  dstgrdnland:"  Meddateiscr  om  Orteland,  voL  19; 
Copenhagen,  18M. 
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The  most  ancient  Jurassic  sediments  of  Spitsbei^en  are  marine, 
and  belong  to  the  Sequanian  stage.  There  was  consequently  a  long 
interruption  in  sedimentation  after  the  formation  of  the  Rhaetic 
beds.^  The  upper  part  of  the  Jurassic  formation  (Portlandian) 
fumisbes  a  series  of  plant-bearing  sandstones,  seaxos  of  coal,  and  beds 
of  undoubted  fresh-water  origin,  containing  Unio  and  Lioplax  polaris. 
The  fossil  plant  remains  belong  to  two  different  floras,'  one,  the  more 
ancient^  being  characterized  by  the  presence  of  Ginkgo  digitata 
Brongn.,  sp.;  the  other,  the  more  recent,  by  ElaHdes  curvif cilia  Dkr., 
sp.  The  two  floras  are  associated  with  beds  of  coal,  and  one  may 
here  also  put  forward  the  view  that  the  plants  originally  flourished  in 
the  place  where  they  are  now  found.  One  of  the  coal  seams  at  Cape 
Boheman  furnishes  a  great  abundance  of  Podozamites  and  PHyophyl- 
lum;  sometimes  the  surface  of  the  schists  is  as  completely  covered 
with  the  leaves  of  Qinkgo  digitata,  as  the  soil  beneath  a  living  ginkgo 
tree  may  be  in  autumn.  Since  branches  and  seeds  of  the  same  plant 
are  also  associated,  it  is  natural  to  suppose  that  a  ginkgo  forest 
occurred  not  far  away  from  this  spot,  llie  same  observation  applies 
to  Elaiides  cwrvifolia  of  the  more  recent  flora,  which  occurs  locally  in 
the  fresh-water  beds  containing  Unio  and  lAoplax.  Floras  of  the 
same  age  and  composition  are  also  known  from  King  Karls  Land,  the 
islands  of  New  Siberia,'  from  Nortiiem  Siberia,  and  Arctic  Alaska. 

The  Neocomian  .series  of  King  Karls  Land  is  overlain  by  sheets  of 
basalt,  often  amygdaloidal,  and  containing  chalcedony  and  agates. 
Fragments  of  silicified  woods,  large  and  small,  also  occur  here,  ahd 
these,  without  doubt,  owe  their  mineralization  to  the  volcanic 
phenomena.  Some  of  these  trunks  are  fairly  large,  and  I  have 
myself  measured  one,  which,  although  incomplete,  was  70-80  cm. 
in  diameter,  and  showed  210  annular  rings.  Some  of  these  remains 
consist  of  the  lower  portion  of  the  trunk  and  the  primary  ramifica- 
tions of  the  roots. 

The  microscopic  examination  of  these  specimens,  imdertaken  by 
Dr.  W.  Gothan,^  has  shown  that  the  annual  rings  of  the  fossil  stems 
from  King  Karls  Land  were  much  more  accentuated  than  those  of 
stems  foimd  in  the  corresponding  beds  of  the  European  continent, 
which  indicates  that  the  trees  lived  in  a  region  where  the  difference 
between  the  seasons  was  extremely  pronounced.  They  can  not  there- 
fore have  been  transported  from  the  south  by  marine  currents,  and  as 

1  A.  Q.  Nathorst,  '*  Beitrftge  tvx  Oeologie  der  Bftren  Inseli  Spitzbergens,  and  des  KOnlg  Karl  Landes'^ 
BnlL  Oeol.  Inst.  Upsala,  vol.  10, 1910. . 

*  A.  G.  Nathorst,  "Zur  Mesoxoisohen  Flora  Spttxbergens'':  Kongl.  Svenska  Vet.  Akad.  Handl.,  vcL  80, 
No.  1;  Stockholm,  1807. 

•  Id.,  "t^ber  Trias  und  Jarapflanxen  yon  der  Inael  Kotelny":  M^m.  Akad.  Imp.  SoL  St.  P^tersboiirg, 
aer.8,Tol.2l.No.3,igo7. 

«  W.  Oothan,  <'Die  fosslieii  HOIaer  von  KOnig  Kails  Land":  Kongl.  Syenska  Vot.-Akad.  Handl.i'ToL  43, 
Ko.  10;  StOQkboIm,  1907* 
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the  trunks  found  in  the  eorrefi^nding  beds  of  Spitsbergen  ^  show 
the  same  peculiarity,  it  is  quite  safe  to  conclude  tibat  we  are  here 
concerned  with  large  trees,  ^diich  have  actually  flourished  in  these 
latitudes,  and  which  have  not  been  transported  from  more  southern 
r^ons.' 

The  Cretaceous  system,  as  we  know  it,  is  represented  in  western 
Greenland,  between  the  parallels  of  69^  and  71^,  by  an  important 
series  of  beds  containing  fossil  plants  belonging  to  the  Urgonian, 
Cenomanian,  and  Senonian,  the  two  first  mentioned  containing  coal 
seams.  I  have  been  able  to  show,  as  the  result  of  the  studies  which 
I  made  in  Greenland  in  1883,  that  beds,  full  of  roots,  underlie  those 
containing  fossil  plants  at  Unartoarsuk,  as  well  as  at  Igdlokanguak. 
Without  doubt  the  Urgonian  flora,  like  the  Cenomanian  flora,  is  a 
relic  of  v^^etation  which  once  floxuished  in  the  juone  r^ons  where 
we  now  find  the  fossils.  But,  on  the  contrary,  the  Senonian  flora,  or 
flora  of  Patoot,  is  in  part  contained  in  marine  beds,  containing 
Inoceramus,  etc.,  and  thus  it  may  have  been  transported  from  some 
distance.  The  Urgonian  flora,  or  flora  of  Kome,  is  composed  of 
ferns,  cycadophytes,  and  conifers,  while  the  Cenomanian  or  Atane 
flora,  in  addition  to  arborescent  ferns  (Dicksonia)  and  cycadophytes 
(Pseudocycas),*  is  particularly  rich  in  the  leaves  of  Dicotyledonous 
trees,  among  which  are  found  those  of  planes,  tulip  trees,  and  bread 
fruits,  the  last  mentioned  closely  resembling  tliose  pf  the  bread-fruit 
tree  (Artocarpua  ineisay  of  the  islands  of  the  southern  seas. 

In  the  lixnited  space  at  my  disposal  I  have  had  to  be  content  with 
a  brief  summary  of  the  strata  containing  fossil  floras  of  Palieozoic  and 
Mesozoic  age.  But  from  what  has  been  said  it  is  clear  that  we  have 
every  reason  to  regard  the  flora  of  the  Devonian,  Culm,  Jiuttssic,  and 
Cretaceous  of  the  Arctic  regions  as  being  composed  of  plants  which 
flourished  in  these  very  regions.  There  are  no  proofs  that  the 
Triassic  flora  has  been  transported  from  more  soutihem  regions  by 
marine  currents,  but  there  is,  however,  some  uncertainty  on  this 
point. 

iId.,"Die  fbaUen  HolBWte  yon  SpitobecgBn":  KoogL  Sfenaka  Vet-Akad.  HandL,  toL  45,  No.  8; 
Stookholm,  1010. 

t  It  ma  J  be  mentioned  here  that  a  sDioIfled  DoAxf lorn,  from  the  CarboniiBroas  depoilts  of  Spftsbefsen, 
described  by  Dr.  Gothan  (loc  dt)  does  not  show  any  annual  rings  at  all,  as  is  pceciaely  the  case  with  the 
corresponding  Palseosolo  sterna  of  Europe.  As  has  been  pointed  out  to  me  by  Dr.  Th.  Halle,  this  Is  a 
most  curious  droumstance,  sinoe  the  darkness  during  the  long  winter  night  in  these  regions— provided 
that  the  position  of  the  North  Pole  were  the  same  as  now— ought  to  have  caused  an  interruption  of  growth, 
even  if  the  climate  was  a  warm  and  genial  one.  As  the  specimen,  however,  was  not  found  in  tUu,  it  is 
possible  that  it  originates  from  some  marine  deposit  into  which  the  wood  had  been  brought  by  ocean  cur- 
rents ftom  more  southern  latitudes.  But  a  Dedozf  Ion  ttam  the  Triassic  of  Spitsbergen  also  shows  only 
slight  indications  of  annual  rings  (Oothan,  loc  dt.). 

SAO. Nathorst, " Pattobotanisohe Mitteflnngen,  1.  PMudocyoof , eine neue Cycadophytengattong aos 
den  Cenomanen  Kreideablagerongen  QrOnlands":  Kongl.  Svenska  Vet-Akad.  HandL,  vol.  (S2,  No.  5; 
Stockhdm,  1007. 

*  Id.,  "t)^ber  die  Resteelnes  Brotfruchtbaumes,  Artoearpui  Diektoni,  n.  sp.,  aus  den  Cenomanen  Kieide- 
ablagerungen  Qrtolands":  Eongl.  Svenska  Vet.-Akad.  HandL,  vol.  34,  No.  1;  Stockholm,  1800. 
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In  relation  to  the  present  probleins,  the  Tertiary  floras  are  un- 
doubtedly the  most  important,  and  for  this  reason  I  will  enter  into 
the  subject  in  some-detail.  But  the  materials  are  so  wonderfully  rich 
that  I  ^all  have  to  restrict  myself  to  giving  some  examples  indicating 
the  nature  of  the  beds  containing  the  Tertiary  plants  in  Spitsbergen, 
Iceland,  and  Greenland.  More  especially,  I  shall  recall  that  they  are 
found  at  79^  of  north  latitude  in  Spitsbergen;  on  the  east  coast  of 
Greenland  between  74^  and  75^,  and  on  the  west  coast  between  69^ 
and  73*";  at  Lady  Franklin  Bay,  in  Grinnell  Land  (81*^  42");  in 
Ellesmere  Land  between  77^  and  78^;  on  the  River  Mackenzie  at  65^; 
in  Alaska  south  of  60^  (and  therefore  outside  the  Polar  Circle);  and, 
lastly,  in  the  islands  of  New  Siberia  (75^).  Iceland,  it  is  true,  is 
outside  the  Polar  CSircle,  but  nevertheless  its  Tertiary  flora  may  be 
included  in  this  consideration. 

The  Tertiary  formations  of  Spitsbergen,  which  have  a  thickness  of 
perhaps  1,200  meters  or  thereabout,  contain  fossil  plants  and  seams 
of  coal,  both  in  the  upper  and  lower  beds,  though  the  middle  portion 
is  marine.  As  an  example  of  the  deposits  with  fossil  plants  from  the 
base  of  this  formation  the  shales  called  the  '^Taxodium  Shales,"  at 
Cape  Staratschin,  may  be  mentioned.  *  These  are  fine-grained  black 
soft  shales,  which  form  the  roof  of  a  small  bed  of  coal.  In  the  shales 
the  leafy  branches,  the  flowers,  the  seeds,  and  the  ovuliferous  scales 
of  the  Swamp  Cypress  {Taxodywm  disHchum  miocenum),  the  leafy 
branches  of  Sequoia  NordenshiSldi  Hr.,  and  Libroeedrua  Sahiniana 
Hr.,  are  particularly  common.  There  are  also  associated  a  large 
number  of  remains  of  gramineaB,  cyperaceae,  several  species  of  pines 
and  firs,  a  PotamogetoUy  and  the  leaves  of  various  dicotyledonous  trees. 
Thus,  as  Heer  has  shown,  one  is  dealing  here  with  fresh-water 
sedinaents,  in  the  neighborhood  of  which  it  is  evident  that  the 
swamp  cypresses  have  formed  forests,  as  in  the  swamps  in  the 
southern  portion  of  the  United  States  to-day.  This  conclusion  is  also 
confirmed  by  the  occurrence  of  the  remains  of  rather  numerous  insects, 
among  which  there  are  a  score  of  coleopterids,  two  of  which  are 
hydrophilous  coleopterids  (Hydrobiua  and  Laccophihia). 

These  beds  with  fossil  plants,  at  the  base  of  the  Tertiary  formations 
of  Spitsbei^en,  are  overlain  by  thick  marine  sediments.  In  their 
upper  portion  the  latter  show  indications  of  a  retreat  of  the  ocean 
and  a  recurrence  of  fresh-water  conditions.  It  is  possible  that  the 
leaves  found  in  the  lower  part  of  the  higher  horizon  containing  fossil 
plants  have  been  transported  from  afar  by  a  river,  and  deposited  near 
its  mouth,  but  as  regards  the  upper  portion  deposition  must  have  taLen 
place  in  vast  swamps,  on  which  the  majority  of  the  plants  actually 
lived.  In  these  beds  one  notices  thki  seams  of  cool,  a  :~  «at 
quantity  of  leafy  branchesi  and  also  cones  of  Seguoia  Langsdoifii 
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Brongn.,  (cloeelj  allied  to  the  redwood  of  Calif omia.  Sequoia 
sempervirens  Endl.)  and  the  swamp  cypress  (Taxodiwm  disHch/wm 
miocemm).  Here  and  there  a  large  horsetail  (EqwiaetUcs  Narder^ 
ahiSldi  Nath.)  occurs  in  such  abundance  that  one  would  imagine  that 
it  formed  small  forests.  There  are  also  associated  rhizomes,  with 
their  roots  and  tubercles  still  attached.  I  may  mention  in  passing 
that  Equiaetum  arcHcum  Heer,  occurs  in  the  same  manner  in  the 
lower  zone  of  the  plant-bearing  beds.  There  is  also  found  a  great 
abundance  of  Osmunda  spetshergerms  Nath.,  and  on  the  same  horizon 
nodules  of  clay  ironstcme,  entin^  filled  with  leaves  and  stems  of  the 
latter  plant,  in  which  the  tissues  have  bean  so  completely  mineralized 
that  one  can  study  the  microscopic  structure  as  minutely  as  in  the 
living  Osmunda.  One  sees  in  the  carbonaceous  petrified  layeis 
rootlets  and  spores  of  ferns,  as  well  as  fragments  of  branches,  etc. 
This  might  justly  be  called  a  mineralized  peat.  Among  the  dicoty- 
ledonous trees,  the  leaves  of  which  occur  in  great  quantity,  one  finds 
leaves  of  all  dimensions  belonging  to  the  more  common  species. 
I  have  examples,  among  others,  of  the  leaves  of  UlmifkyOum 
asperrinvum  Nath.,  varying  from  1-17  cm.  in  length.  All  the  obser- 
vations indicate  that  we  have  here  a  deposit  formed  by  the  delta 
of  a  stream  passing  through  a  marsh  on  which  grew  trees  requiring 
humidity,  while  the  remains  of  other  plants  which  lived  at  some 
distance  away  have  been  transported,  either  by  the  wind  or  by  water, 
and  become  mingled  with  those  of  the  marsh. 

The  beds  of  this  horizon,  discovered  at  Cape  Lyell,  are  remarkable 
for  the  enormous  quantity  of  leafy  branches  of  Sequoia  Langsdorfii, 
leaves  of  Orewia  crenata  Hr.  and  of  Acer  arctieum  Hr.,  the  fruits  of 
the  last  mentioned  also  occurring.  A  bed  full  of  rootlets  was  also 
met  with,  showing  that  the  plants  flourished  on  the  spot  where  they 
are  now  f  oimd.  Among  the  marsh  plants  an  Aliwna  occurs.  Among 
the  dicotyledonous  trees  of  this  horizon  are  j>oplars  {Populus)^  vril- 
lows  iSalix)y  alders  {Alnua),  birches  (JBeiula),  hornbeams  (Oarpirvus), 
hazels  (Corylus),  beeches  (Fagus),  oaks  (Quercua)^  elms  XUhnus), 
planes  (Plaiarms),  magnolias  (Magnolia),  limes  (TfZia),  and  maples 
(Acer),  etc.  We  can  thus  show  that  during  the  Tertiary  period 
all  these  plants  have  flourished  at  78^  or  79^  of  latitude.  In 
Qrinnell  Land  we  find,  even  at  nearly  82^,  the  swamp  cypresses,  the 
spruces,  pines,  firs,  poplars,  birches,  elms,  limes,  etc. 

In  Iceland  the  Tertiary  flora  may  be  studied  in  the  volcanic  tuffs  or 
in  the  alluvium  formed  from  them,  and  at  Brj&mslaekur,  for  instance, 
in  a  deposit  which  may  be  compared  with  a  laminated  peat.  Thus, 
as  Heer  had  suggested,  and  Thoroddsen  has  proved,  we  here  meet  with 
formations  laid  down  above  sea  level,  which  are  overlain  by  thick 
basaltic  beds.    A  glance  at  the  specimens  from  Bijiimslaekur  serves  to 
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show  that  we  have  here  to  deal  with  fresh-water  deposits.  M.  Ostrup's  ^ 
microscopic  oxaniination  of  the  diatoms,  found  in  the  same  beds  as 
the  fossil  plantS;  confirms  this  conclusion,  for  they  are  fresh-water 
species. 

Among  the  beds  furnishing  Tertiary  plants,  so  abimdant  in  Green- 
land, I  will  only  mention  those  of  Hardn  (Hare  Island),  near 
Waigattet.  Here  the  plants  occur  either  in  a  true  basaltic  tuff,  or 
in  an  altered  tufa  or  a  sediment  formed  from  it,  which  is  overlain 
with  basalts. 

The  investigation  of  two  beds,  which  I  made  in  1883,  has  proved 
that  thoy  can  not  be  other  than  formations  laid  down  above  sea  level. 
In  one  of  these  deposits  the  fossil  flora  consisted  almost  exclusively  of 
leaves  of  the  maple  (Acer),  crowded  like  those  which  cover  the  ground 
in  autimm,  and  among  these  leaves  large  samaras,  like  those  of 
A.  otopteryx  Gp.,  occur.  In  another  bed  the  tuff  was  formed  of 
cinders  and  small  lapilli,  and  the  way  in  which  the  vegetable 
fragments  were  inbedded  leads  one  to  suppose  that  the  branches, 
leaves,  and  fruits  of  the  trees  were  broken  off  by  a  shower  of  cinders 
and  lapilli.  A  medley  of  silicified  branches  of  different  sizes  occurs, 
and  among  them  are  the  cones  of  the  spruce,  the  nuts  of  the  walnut 
(Juglans),  and  the  hickory  (Oarya),  with  the  leaves  of  Ginkgo,  etc. 
In  the  finer  tuffs  we  likewise  find  the  leaves  of  the  walnut,  the  leaves 
and  fruits  of  an  ash  {Fraainua  macrophyUa  Hr.),  and  the  leaves  of 
species  common  in  the  Tertiary  flora  of  Greenland,  such  as  the  plane, 
oak,  chestnut,  beech,  etc. 

Tlie  presence  of  the  leaves  of  Potamogeton,  associated  with  a  fresh- 
water mussel  ( Unio),  indicates  that  the  deposits  were  of  fresh-water 
origin.  Some  of  the  branches  of  the  trees  are  siUdfied  and  exhibit, 
under  the  microscope,  an  extremely  well-preserved  structure.  Dr. 
J.  Schuster,  who  has  imdertaken  a  preliminary  examination  of  these 
remains,  concludes  that  they  all  belong  to  one  species,  which  was 
probably  either  an  arborescent  member  of  the  leguminosesB  or  of -the 
rosacesB.  It  is  dear  that  we  have  h^ere  to  deal  with  fragments  of 
vegetation  broken  off  by  a  shower  of  ashes  and  entombed  in  them, 
though  some  fragments  may  have  been  transported  into  a  fresh-water 
basin  containing  mussels  and  aquatic  plants. 

The  Tertiary  plants  discovered  by  the  Norwegian  expedition  to 
EUesmere  Land  deserve  special  mention  on  account  of  their  state  of 
preservation.  They  consist  almost  entirely  of  branches  of  Sequoia 
La/ngsdorfii,  contained  in  a  bituminous  laminated  clay,  from  which 
I  have  been  able  to  remove  them  by  a  process  of  washing,  with 
the  result  that  they  are  now  isolated  like  dried  specimens  in  a 
herbarium. 

1  E.  Qstrop,  "DUtom^eme  i  no^e  laUndske  SarUrbnndlag/'  pt.  1:  Heddel.  fra  Dansk  Oeol*  Foreolzif, 
Ko.  3;  Copenbagtfi*  1806.   Pt.  2,  ibid.|  No.  C,  1900. 
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I  must  now  bring  to  a  close  my  review  of  the  ancient  plant-bearing 
beds  of  the  Arctic  regions.  We  may  conclude  that  in  the  greater 
number  of  cases  it  is  evident  that  the  plants  really  grew  in  the 
regions  in  question.  Although  we  know  of  fossil  plants  in  some 
marine  deposits,  as,  for  instance,  in  the  Senonian  of  Chieenland  and 
perhaps  also  in  the  Trias  of  Spitzbeigen,  these  are  exceptions  which 
lack  importance,  since  other  deposits  of  a  closely  corresponding  age 
are  of  fresh-water  origin.  While  it  may  be  admitted  that  even  in 
Spitsbergen  part  of  the  Tertiary  flora  may  have  been  transported 
from  a  more  or  less  distant  country  by  a  river,  yet  other  deposits  on 
approximately  the  same  horizon  indicate  that  the  greater  number  of 
the  species,  and  among  them  the  most  important  types,  have  actually 
flourished  in  the  region  itself. 

Taking  into  accoimt  the  facts  which  I  have  enumerated,  it  is  evi- 
dent that  the  fossil  floras  of  the  Arctic  should  be  still  regarded  as  the 
foundation  of  every  discussion  of  the  former  climates  of  that  region. 
How  are  these  favorable  climates  to  be  explained  ?  That  is  a  ques- 
tion to  which  we  are  not  able  to  reply  at  the  present  moment  and  of 
which  the  solution  belongs  to  the  future. 
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RECENT  ADVANCES  IN  OUR  KNOWLEDGE  OF  THE  PRO- 
DUCTION OF  LIGHT  BY  LIVING  ORGANISMS. 


By  F.  Alex.  MoDbrmott,  Wa$h%ngUm,  D.  C, 


INTRODUCTION. 

The  original  paper  (**)*  upon  which  the  following  is  based  was  read 
under  the  title  "  TTie  Chemistry  of  Biophotogenesis/'  before  the  Chen>- 
ical  Society  of  Washington,  D.  C,  on  October  13,  1910,  and  subse- 
quently published  in  the  Scientific  American  Supplement,  No.  1842. 
Li  revising  this  paper  for  publication  here  it  has  been  found  that  so 
much  new  work  of  importance  has  been  published  or  has  come  to  the 
author's  attention  in  the  interim,  that  it  has  been  decided  to  recon- 
struct the  paper  along  the  line  indicated  by  the  above  title,  taking  up 
the  more  significant  recent  work,  and  adding  a  few  heretofore  un- 
published observations  of  the  author. 

The  term  ''Biophotogenesis,''  in  its  complete  sense  of  the  produc- 
tion of  light  by  living  organisms,  covers  a  group  of  phenomena  accom- 
panying the  vital  processes  in  a  wide  range  of  animal  and  vegetable 
forms.  The  fireflies  (Lampyridse)  are  to  most  of  us  the  commonest 
and  most  brilliant  of  these  forms,  and  the  following  will  therefore  have 
special  reference  to  these  insects. 

An  excellent  monograph  (^)  of  the  subject  of  the  emission  of 
light  by  living  forms,  including  an  extensive  bibliography  of  the 
important  papers  and  a  general  review  of  the  literature,  has  appeared 
under  the  title  "Die  Produktion  von  licht,"  by  Prof.  E.  Mangold,  as 
the  second  half  of  the  third  volume  of  Winterstein's  Handbuch  der 
vergleichende  Physiologic.  The  whole  literature  of  the  subject  is 
very  extensive,  although  much  of  the  older  work  is  without  signifi- 
cance to-day.  A  considerable  number  of  scientific  men,  including 
workers  in  the  fields  of  chemistry,  physiology,  biology,  entomology, 
and  physics,  are  working  on  the  problems  presented  by  the  phenomena 
of  luminous  organisms,  and  important  developments  in  our  knowl- 
edge of  this  subject  are  to  be  expected. 

i  Numbezs  refer  to  literature  refarenoes  at  the  end  of  paper. 
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For  the  sake  of  convenienoe  the  subject  will  be  considered  in  the 
following  sections  in  this  paper: 

1.  Physical  properties  of  physiologic  light. 

2.  The  chemistry  of  the  photogenic  process. 

3.  The  effect  of  chemical  reagents,  etc.,  on  the  luminous  tissue. 

4.  The  photogenic  organs. 

5.  Fluorescent  substances  in  luminous  insects. 

6.  Biologic  relations  of  the  phenomena. 

1.  PHYSICAL  PEOPERTIES  OF  PHYSIOLOGIC  LIGHT. 

It  is  an  interesting  and  significant  fact  that  the  luminous  radiar- 
tions  of  the  majority  of  luminescent  organisms  produce  upon  the 
human  retma  the  sensations  of  yellowish  green,  green,  or  bluish 
green.  That  this  color  is  the  result  of  the  actual  composition  of  the 
emitted  light  and  not  a  subjective  phenomenon,  has  been  demon- 
strated by  a  number  of  inyestigators. 

The  light  of  one  of  the  common  fireflies  of  the  eastern  United  States, 
Ph^tintts  pyralis,  has  recently  been  made  the  subject  of  a  very  inter- 
esting spectrophotographic  study  by  l5rs.  lyes  and  Coblentz,  (")  at 
the  Bureau  of  Standards.  These  observers  found  the  light  of  this 
insect  to  resemble  very  closely  the  light  of  the  Cuban  cucuyo  (Pyro^ 
pharos  noctiliicus  linn.),  as  studied  and  described  by  the  late  lSx)f. 
S.  P.  Langley  and  Prof.  F.  W.  Very  (»•)  20  years  ago.  Briefly,  the 
spectrum  of  the  light  of  PTiotinus  pyralis  consists  of  a  structureless, 
unsymmetrical  band  in  the  red,  yellow,  and  lower  blue  portions  of  the 
visible  spectrum,  with  a  maximum  at  about  that  portion  having  the 
greatest  illuminating  effect  with  the  minimum  of  actinic  and  thermal 
effects.  It  gives  no  hint  of  continuation  in  the  infra-red  or  ultra- 
violet portions  of  spectrum.  More  recently,  Ives  (•*)  has  shown  that 
there  is  no  infra-red  radiation  between  0.7065  micron  and  1.5  microns 
in  the  light  of  the  firefly,  nor  is  any  ultra-violet  radiation  present. 
Coblentz  (*)  has  shown  that  the  chitin  covering  the  luminous  organs 
of  the  firefly  has  a  very  low  transmissivity  for  radiations  of  greater 
wave  length  than  2.6  microns;  so  low,  in  fact,  that  it  would  be  diflS- 
cult,  in  these  wave  lengths,  to  distinguish  radiations  from  the  photo- 
genic organs  from  those  due  to  the  ordinary  animal  heat.  However, 
the  same  author  (^  *)  has  found  that  the  luminous  segments  of  the 
firefly  do  give  evidence  of  being  at  a  slightly  higher  temperature  than 
the  rest  of  the  insect's  body,  and  that  the  ventral  side  of  the  luminous 
segments  is  at  a  higher  temperature  than  the  dorsal.  He  did  not 
observe  an  increase  of  temperature  during  light  emission. 

While  it  seems  probable  that  the  light  of  most  other  luminous 
organisms  is  essentially  similar  to  that  of  PlkotMyus  pyralis^  slight  dif- 
ferences may  be  noted  even  between  closely  related  species.    A  few 


Digitized  by  CjOOQIC 


LtOHT  BY  UVINQ  OBGAKISMS — McDEBMOTT.  347 

maiine  forms,  e.  g.,  the  Cephalopoda  and  the  PennatulidsB,  give  lights 
of  several  colors.  Among  the  insects  the  only  forms  known  definitely 
to  present  wide  differences  from  this  general  similarity  are  the  trop- 
ical species  of  PJiengodes  as  observed  by  Barber  (')  and  others,  which 
possess  a  photogenic  organ,  located  back  of  the  head,  that  gives  a  dis- 
tinctly reddish  light.  No  spectroscopic  studies  of  this  red  light  of 
Phengodes  have  been  made.  Coblentz  (**•  *)  has  given  spectrographic 
proof  of  the  differences  in  the  color  of  the  lights  of  PTtoUmis  pymlis, 
P.  canaanguineus,  and  Photuria  pennsylvamea,  attention  having  been 
called  to  the  physiologic  differences  by  the  author  (^)  and  others, 
[Eiiab  (■•),  Turner  (•)].  The  author  has  recently  had  an  opportunity 
to  examine  the  light  of  Phengodes  laticoUie  (feioale)  with  the  pocket 
spectroscope  referred  to  in  his  paper  in  the  Canadian  Entomologist, 
^  1910  (^),  and  found  it  to  conskt  mainly  of  a  narrow  band  in  the 
yellow-green  and  green,  with  veiy  much  fainter  ends  stretching  toward 
the  red  and  blue;  the  definite  ends  of  the  band  could  not  be  made  out 
on  account  of  the  feebleness  of  the  light,  and  the  predominance  of 
the  greenish  band  may,  of  course,  be  mainly  due  to  the  greater 
retinal  sensitiveness  to  these  tones. 

Forsyth  (^)  has  claimed  that  cultures  of  certain  photobacteria  give 
spectrophotographic  evidence  of  the  existence  of  ultra-violet  rays  in 
their  emitted  light.  It  seems  to  the  author  that  this  observation  is 
in  need  of  confirmation,  not  that  it  is  impossible,  of  course,  but  that 
it  is  at  variance  with  previous  work  and  with  present  ideas  of  the 
properties  of  physiologic  light.  McDermott  (^)  failed  to  fiind  evi- 
dence of  ultra-violet  radiation  in  the  light  from  cultures  of  Pseudo- 
monas  hidfera  Molisch,  and,  as  would  be  expected,  also  failed  to  find 
any  indication  of  appreciable  radioactivity. 

It  need  scarcely  be  said  that  the  light  of  the  firefly  affects  the  pho- 
tographic plate;  obviously  spectrophotographic  studies  could  not 
otherwise  have  been  made  upon  it.  Photographs  have  been  taken 
by  means  of  the  light  of  the  photogenic  bacteria  and  of  the  cucuyo. 

In  1896  Muraoka  (^)  announced  that  he  had  proved  the  penetra- 
tion of  metal  films  by  means  of  the  light  of  the  firefly  in  a  manner 
similar  to  that  of  the  X-rays.  The  author  has  failed  to  find  any  evi- 
dence of  the  penetration  of  thin  sheet  copper,  aluminiun  foil,  or  the 
black  paper  with  which  X-ray  plates  are  wrapped  by  the  light  of 
PhoHnuB  pyralie.  It  seems  that  \mder  certain  circumstances  sub- 
stances whidii  do  not  actually  emit  penetrating  radiations  may  affect 
the  photographic  plate,  and  an  explanation  of  Muraoka's  results  has 
been  offered  by  Molisch  (****  **)  based  upon  bacterial  or  vapor  influ- 
ence; but  when  we  consider  that  his  results  were  published  only  a 
little  while  after  the  discovery  of  the  X-ray  it  seems  possiUe  that 
Muraoka  was  just  a  little  over^nthusiastic.    However,  Singh  and 
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Maulik  (*^)  have  recently  published  some  results  dmflar  to  those  of 
Muraoka. 

Judged  from  the  fact  that  the  light  produced  by  many  chemilumi- 
nescent  reactions  appears  greenish  to  the  human  eye,  it  would  seem 
that  these  should  give  spectra  approximating  that  of  the  firefly  [see 
Radziszewski  (••),  Trautz  (•0],  but  in  view  of  the  facts  that  the  light 
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710. 1.— Spectral  rangea  of  li^t  ftom  diftercnt  organlama. 


emitted  in  most  of  these  cases  is  very  feeble  and  that  the  human  eye 
is  decidedly  more  sensitive  to  the  greenish  tones  than  to  others,  it  may 
be  simply  that  the  amount  of  radiation,  other  than  that  giving  the 
sensation  of  green,  produced  by  these  reactions  is  insufficient  to  cause 
the  human  retina  to  respond.  However,  it  is  difficult  to  class  the 
{Reduction  of  light  by  living  forms  as  other  than  a  vital  expression  of 
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chemiluminescence,  and  the  fact  (to  be  referred  to  in  the  next  section) 
that  the  luminous  tissues  may  be  removed  from  the  organism  and  desic- 
cated and  still  induced  to  produce  light  under  certain  circumstances, 
confirms  the  view  that  the  only  essential  diflFerence  between  the  two 
phenomena  is  that  biophotogenesis  takes  place  in  a  living  organism 
instead  of  a  test  tube. 

A  comparison  of  the  spectral  ranges  of  the  light  from  different ' 
organisms  is  of  some  interest,  and  the  accompanying  chart  has  been 
compiled  from  data  from  the  references  given,  and  redrawn  to  a 
uniform  scale,  the  extreme  left-hand  end  representing  wave  length 
0.70/1  and  the  extreme  right-hand  end  wave  length  0.39;«;  a  few  of  the 
more  important  Fraunhof  er  lines  are  shown  in  the  first  spectrum,  and 
the  sodiimi  D  line  is  continued  through  the  series  by  the  dotted  line. 

2.  THE  CHEMISTRY  OF  THE  PHOTOGENIC  PROCESS. 

Our  knowledge  of  the  chemical  processes  involved  in  biophoto- 
genesis is  rather  meager.  It  is  fairly  well  established  that  all  photo- 
genic organisms  require  at  least  two  constant  chemical  factors  in 
addition  to  the  specific  photogenic  substance  in  order  to  exhibit 
their  luminous  property,  viz,  the  presence  of  oxygen  and  of  moisture. 

Dubois's  C^'^)  theory  assiunes  the-  oxidation  of  a  substance  of  un- 
known composition,  to  which  he  has  given  the  name  ''luciferine/' 
through  the  agency  of  the  oxidase  ''lucif erase."  Prof.  Kastle  in  his 
monograph  on  ''The  Oxidases  and  Other  Oxygen-Catalysts  Con- 
cerned in  Biological  Oxidations''  (^)  refers  to  this  claim  of  Dubois 
that  the  photogenic  process  in  organisms  involves  the  action  of 
''luciferase."  Prof.  Kastle's  observations  on  this  point  led  him  to 
believe  that  no  oxidase  was  present,  but  that  peroxidase  and  catalase 
were  present;  he  found  that  aqueous  extracts  of  the  luminous  tissue 
of  the  common  firefly  failed  to  tiun  tincture  of  guaiacum  blue, 
except  in  the  presence  of  hydrogen  peroxide,  and  the  bluing  in  the 
presence  of  the  latter  was  accompanied  by  the  rapid  disengagement 
of  oxygen.  Quite  recently  Dubois  {^)  has  put  forth  the  view  that 
luciferase  is  a  peroxidase,  fo(  the  reason  that  it  can  be  replaced  to 
some  extent  by  hydrogen  peroxide.  Loew  (*•)  found  that  the  lumin- 
ous tissue  of  the  firefly  showed  no  greater  catalase  activity  than 
other  tissues  from  the  same  insect.  Lund  (^)  has  made  similar 
observations  on  the  enzymes  in  these  insects.  Until  more  definite 
data  are  at  hand,  it  would  seem  that  the  enzyme  theory  requires 
some  caution  in  acceptance,  but  the  facts  so  far  as  known  certainly 
present  some  anal<^y  to  other  known  biologic  processes  of  an  enzy- 
motic  nature,  and  it  is  not  at  all  impossible  that  his  explanation 
may  be  correct.  Watas6  (J^)  expresses  the  view  that  in  NoctUuca 
mUiaris  and  other  simple  Imninous  forms  the  "phosphorescence'* 
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is  associated  with  the  contractility  of  protoplasm,  as  a  potential 
property  of  all  protoplasm,  whether  exhibited  or  not,  and  he  rather 
leaves  the  reader  with  the  impression  that  he  belieyes  that  the  par- 
ticles of  food  materials  are  actually  burned  in  the  living  tissues  with 
the  production  of  an  incandescent  temperature. 

There  has  been  a  good  deal  of  discussion,  to  and  fro,  as  to  whether 
'  the  chemical  processes  involved  in  the  production  of  light  by  the  firefly 
and  analogous  forms  are  really  oxidations,  and  evidence  both  for  and 
against  the  oxidation  hypothesis  has  been  offered.  At  present  the 
great  weight  of  the  evidence  is  that  in  all  cases  the  fimdamental 
process  is  an  oxidation,  though  not  necesBarily  the  oxidation  of  the 
same  photogenic  substance.  Polimanti  (**)  has  asserted  that  the 
luminous  process  in  Pyrosama  degans  can  not  be  an  oxidation,  and 
gives  several  arguments  in  favor  of  the  nonoxidative  nature  of  the 
process,  one  of  which  is  that  the  light  has  a  greenish  tone.  In  view 
of  the  fact  that,  as  mentioned  before,  a  good  many  chemiluminescent 
reactions  known  to  be  oxidations  produce  the  sensation  of  green 
upon  the  human  retina,  this  argument  certainly  does  not  seem  to  be 
valid.  Lund  (^)  states  that  while  oxj^en  is  a  necessary  factor  to 
light  production  in  the  LampyridsB,  this  does  not  prove  that  the 
chemical  process  is  an  oxidation. 

Jousset  de  BellesmLe  (^)  in  1 880  stated  that  he  believed  the  light  to  be 
due  to  the  spontaneous  combustion  of  phosphine,  liberated  by  the 
decomposition  of  protoplasm,  and  Sir  Humphry  Davy  (•)  noted  that 
Lavoisier  held  a  similar  view.  The  nature  of  the  substance  con- 
sumed in  this  biologic  oxidation — ^the  NocHlucin  of  Phipson  (*')  the 
Luciferi'ne  of  Dubois  C^'  "»  ^)  and  the  Phoiogen  of  Molisch  (") — has 
been  variously  regarded  by  different  authors.  Many  seem  to  have 
regarded  it  as  a  fat  or  a  fat-like  substance;  Phipson,  who  apparently 
isolated  and  analjrzed  a  culture  of  phot<^nic  bacteria,  concluded 
that  it  contained  nitrogen;  Kolliker  Q")  and  Macaire  (^)  beUeved  it 
to  be  an  albuminous  body.  Elmbryologically,  it  appears  to  be  an 
extension  of  the  fat  layer  in  many,  though  not  in  all  cases.  (See 
Dahlgren  and  Kepner  C).)  * 

Of  the  more  recent  theories,  Dubois  C*)  states  that  the  photogenic 
material  of  Pholaa  dactyhis  gives  some  reactions  for  a  nucleo-albimiin, 
while  PoUmanti  (^)  regards  the  luminous  secretion  of  Pyroeoma 
elegans  as  of  a  fatty  nature;  McDermott  (^)  is  inclined  to  regard  the 
active  substance  as  a  lipoid  or  phosphatid.^  Golodetz  (^)  has  shown 
that  the  blackening  of  fats  by  osmic  acid  is  due  to  the  presence  of  the 
oleic  (or  other  unsaturated)  acid  radical;  the  present  interest  in  this 
point  is  that  the  luminous  tissues  of  the  Lampyridse  and  of  Phengodes 
IcUicoUis  blacken  intensely  on  exposure  to  osmic  acid,  indicating 

1  However,  it  most  be  said  that  both  Dubois  (private  oommonJoatlon)  and  the  author  have  Mled  to 
extract  a  photogenlo  lipoid  with  the  nscial  lipoid  aolventi. 
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generally;  the  presence  of  a  reducing  agent,  and  more  particularly, 
probably  of  an  unsaturated  fatty-acid  radical. 

Lund  (^)  has  recently  brought  forth  some  evidence  tending  to  show 
that  in  the  photogenic  process  in  the  Lampyrid®,  there  is  an  actual 
using  up  of  some  material  by  oxidation,  with  the  deposition  ^of  a 
crystallin  waste  product  in  the  tissues/ forming  to  so-called  urate  or 
reflecting  layer,  and  states  that  it  appears  that  there  is  present  a 
substance  related  to  if  not  identical  with  some  of  the  derivatives  from 
nucleic  acids.  His  work  is  also  strongly  in  support  of  the  oxidation 
hypothesis,  or  at  least  that  the  process  requires  the  presence  of  oxy- 
gen, even  if  it  be  not  a  simple  oxidation.  He  suggests  that  the  reduc- 
tion of  osmic  acid  may  be  due  to  the  presence  of  a  "reductase;"  the 
latter,  however,  might  still  be  dependent  on  an  unsaturated  fatty- 
acid  radical  for  its  activity.  Coblentz  (^)  also  notes  the  expenditure 
of  the  photogenic  substance,  without  regeneration. 

All  attempts  to  isolate  and  analyze  the  active  substance  have  failed. 
When  the  luminous  organs  of  the  firefly  are  treated  with  alcohol  or 
ether  in  an  atmosphere  of  hydrogen,  the  liquid  acquires  a  yellow 
color,  but  no  light  emission  occurs  when  it  is  exposed  to  the  air  or 
treated  with  hydrogen  peroxide.  Lecithin  does  seem  to  exist  in  the 
insect  in  small  amount. 

Emmerling  (**)  has  studied  the  hydrolysis  products  of  NoctUuca 
and  finds  a  number  of  the  ordinary  physiologic  amino  acids.  Lan- 
kester  (^  remarks  that  the  products  of  metabolism  in  NodUuca 
are  albuminoid  and  fatty  granules. 

The  interesting  fact  that  the  photogenic  tissue  of  luminous  life 
forms  preserves  after  desiccation  the  power  to  evolve  hght  on  the 
application  of  water  in  the  presence  of  air  or  oxygen,  has  long  been 
loiown,  and  it  at  once  suggests  other  known  instances  of  the  preserva- 
tion of  biologic  activity  by  drying,  as  exemplified  by  the  yeasts  and 
ferments.  By  drying  the  photogenic  tissue  of  Photinus  pyralis  over 
sulphuric  acid  in  hydrogen  or  a  hydrogen  vacuimi,  dry  material  has 
been  prepared  which  has  retained  its  photogenic  activity  apparently 
without  loss  when  kept  in  sealed  tubes  for  over  18  months.  Indeed, 
there  seems  to  be  no  good  reason  why,  under  these  circumstances,  it 
should  deteriorate.  Li  its  conduct  toward  various  chemical  sub- 
stances, the  dried  tissue,  after  moistening,  does  not  differ  essentially 
from  the  live  insect  or  the  freshly  detached  luminous  organ.  It  glows 
on  moistening  in  the  air,  somewhat  brighter  on  moistening  in  oxygen, 
and  but  dimly  or  not  at  all  when  moistened  in  nitrogen,  hydrogen, 
and  carbon  dioxide.  Moistened  with  3  per  cent  hydrogen 'peroxide 
instead  of  water,  the  dried  tissue  produces  a  much  brighter  light  than 
with  water  alone,  accompanied  by  the  decomposition  of  the  peroxide. 

Limd  (*')  also  calls  attention  to  the  effect  of  hydrogen  peroxide  on 
the  fresh  tissue. 
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McDermott  (^)  has  recently  recorded  the  results  of  some  experi- 
ments with  liquid  air,  which  show  that  exposure  of  the  photogenic 
tissue;  fresh  or  desiccated,  to  this  temperature,  and  grinding  while  so 
exposed  does  not  in  the  least  affect  the  abiUty  of  the  substance  to 
produce  light  upon  restoration  to  the  normal  temperature.  Macf  ad- 
yen  (^)  found  that,  while  exposure  of  the  limiinous  bacteria  to  the 
temperature  of  liquid  air  did  not  inhibit  their  abiUty  to  produce 
growth  and  light  upon  return  to  the  normal  conditions,  trituration 
at  this  temperature  permanently  destroyed  the  photogenicity.  It 
would  appear,  then,  that  there  is  some  essential  difference  between 
the  microorganism  and  the  insect  in  this  regard. 

The  photogenic  bacteria  present  many  interesting  problems;  their 
ability  to  grow  and  luminesce  in  a  medium  consisting  only  of  a  solu- 
tion of  3  per  cent  of  sodimn  chloride  and  1  per  cent  of  asparagin  in 
water;  the  dependence  of  the  marine  species  on  the  presence  of  certain 
mineral  salts,  and  these  in  certain  concentrations,  and  upon  the  pres- 
ence of  oxygen,  for  light  production;  the  pathogenic  and  symbiotic 
relations  existing  between  some  species  of  these  photobacteria  and 
some  higher  organisms  are  all  matters  of  great  interest.  McDer- 
mott (")  made  some  experiments  with  the  view  of  determining  any 
chemical  resemblances  that  might  exist  between  these  bacteria  and 
the  fireflies.  The  work  was  on  the  whole  inconclusiye,  but  indicated 
that  if  proper  conditions  could  be  arranged  liquid  cultures  of  the 
bacteria  might  be  dried  and  afterwards  caused  to  produce  light  on 
moistening.  MoUsch  (**•)  foimd  that  the  thicker  layers  of  growth  of 
photobacteria  on  solid  media  could  be  dried  and  would  exhibit  their 
photogenic  activity  on  moistening. 

The  well-known  work  of  Radsdszewski  (**)  has  already  been  referred 
to,  and  also  the  more  recent  researches  of  Trautz  (•').  Del6pine  C) 
has  experimented  with  a  large  series  of  thiocarbonic  esters  and 
related  bodies,  which  appear  to  be  "phosphorescent"  as  the  result  of 
oxidation,  a  phenomenon  to  which  this  writer  has  given  the  name 
"Oxyluminescence."  Hernandez  and  Cerdan  (^)  have  questioned 
Del6pine's  view  of  the  nature  of  the  "phosphorescence"  in  these 
cases,  and  refer  it  to  a  form  of  triboluminescence.  In  any  event, 
work  along  this  line  has  some  bearing  on  the  problems  of  biophoto- 
genesis,  and  it  seems  not  too  much  to  expect  that  it  may  develop  that 
in  organic  chemistry  there  will  be  foimd  to  be  "photophore"  or 
"photogen"  groupings,  just  as  we  now  have  chromophore  and  fluoro- 
phore  groupings,  fluorogens,  etc. 

Various  observers  have  foimd  the  urates  and  phosphates  of  ammo- 
niima,  sodiimi,  potassium,  and  calcium  in  the  luminous  tissue  and  its 
ash.  Dubois  at  one  time  seems  to  have  rejected  the  oxidation  theory 
and  to  have  believed  that  the  light  was  due  to  the  spontaneous 
crystallization  of  ammonium  urate  (crystaUo  luminescence). 
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Qiianine  appears  to  have  been  found  in  the  rej9ecting  layers  of  the 
photogenic  organs  of  some  marine  forms,  and  Limd  O  states  that 
the  dorsal  layer  in  the  firefly's  organ  gives  the  test  for  guanine  under 
some  conditions. 

In  summary  it  may  be  said  that  the  biophotogenic  process  is  prob- 
ably an  oxidation  in  all  cases,  and  that  the  substances  whose  oxidation 
produces  light  is  a  complex  product  of  cell  metabolism  containing 
both  fatty  and  albuminous  radicals,  and  probably  differing  in  com- 
position in  each  type  of  organism.  The  mechanism  of  the  process 
may  vary — ^the  oxidation  may  be  direct  or  indirect — according  to  the 
type  of  photogenic  organ  and  the  particular  species  of  organism  in 
point. 

Light  is  a  form  of  energy,  just  as  are  heat,  electricity  and  chemical 
affinity.  We  know  that  in  many  chemical  reactions  a  great  deal  of 
the  energy  of  chemical  affinity  is  transformed,  probably  directly,  into 
heat;  and  sometimes  some  of  it  appears  as  electricity.  If  sufficient 
heat  is  generated,  a  portion  of  the  original  chemical  energy  may  be 
transformed  into  light  indirectly  through  the  agency  of  the  heat,  the 
phenomenon  being  known  as  incandescence.  But  there  appears  to 
be  no  good  reason  why  some  of  the  chemical  energy  might  no%  appear 
directly  as  light  if  the  conditions  are  favorable,  and  indeed  it  is  quite 
evident  that  such  is  sometimes  the  case,  unless  we  adopt  the  view  of 
the  "  combustion  of  food  particles  in  the  tissues,''  referred  to  Watas6 
a  little  while  ago.  For  instance,  the  light-producing  reaction 
between  hydrogen  peroxide  and  an  alkaline  solution  containing 
pyrogallol  and  formaldehyde,  generates  considerable  heat,  enough  to 
make  the  container  uncomfortable  to  hold  in  the  hand,  yet  nothing 
approaching  that  required  for  incandescence,  and  it  is  certainly  incon- 
ceivable that  there  could  be  particles  heated  to  incandescence  by 
chemical  action  in  a  solution.  It  seems  possible,  however,  that  in  the 
lecture  experiment  described  by  Schwersenski  and  Caro  C0>  i^  which 
it  appears  that  alcohol  is  oxidized  by  ozone  in  the  presence  of  the 
powerful  dehydrating  agent  sulphuric  acid,  there  may  actually  be 
small  explosions,  with  incandescent  temperatures,  in  the  liquid,  though 
it  is  not  impossible  that  the  flashes  of  light  observed  result  from  the 
direct  transformation  of  chemical  into  radiant  energy.  If,  in  the 
pyrogaUic  acid  reaction,  solid  sodium  peroxide  be  used  instead  of 
a&aline  hydrogen  peroxide,  a  flame  maybe  produced,  but  the  charac- 
teristic light  in  the  solution  is  produced  at  the  same  time,  and  it 
seems  probable  that  the  flame  is  due  to  the  combustion  of  the  vapor 
of  formaldehyde  (driven  off  by  the  heat  of  the  reaction)  in  the  oxygen- 
rich  atmosphere  produced  by  the  evolution  of  oxygen  during  the 
solution  of  the  sodiiun  peroxide.  It  is  of  some  intere3t  in  connection 
with  Radziszewski's  work,  that  in  both  this  reaction  and  that  of 
Schwersenski  and  Caro  the  active  substance  may  be  an  aldehyde. 
38734*»— 8M  1911 23 
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3.  THE  EFFECT  OF  CHEMICAL  REAGENTS,  ETC.,  ON  THE  LUMINOUB 

TISSUE. 

During  the  summer  of  1909  the  writer  was  associated  with  Prof. 
Joseph  H.  Kastle  in  a  study  of  the  effect  of  various  chemical  reagents 
on  the  luminous  tissue  of  PJiotinus  pyrdlis.(^  Prof.  Kastle  and 
the  writer  tried  the  effect  of  a  large  number  of  chemical  substances 
upon  the  live  insect,  the  freshly  detached  luminous  organ,  and  the 
luminous  tissue  which  had  been  dried  in  hydrogen,  and  some  of  these 
results  seem  worthy  of  special  attention.  Taking  first  the  live 
insect:  Injections  of  solutions  of  the  metallic  nitrates,  of  strychnin, 
and  of  adrenalin  caused  the  emission  of  light.  Lnmersion  of  the 
insect  in  methyl  and  ethyl  alcohols,  in  ether  and  in  chloroform, 
resulted  in  the  production  of  light.  Immersion  in  pure  oxygen 
appeared  to  stimulate  the  photogenic  function  somewhat,  but  not 
as  much  as  might  have  been  expected.  Immersion  in  nitrous  oxide 
caused  a  considerable  increase  in  the  intensity  of  the  hght.  In 
the  cases  of  injection  and  inmiersion  in  liquids,  the  reagents  kill  the 
insect,  but  not  until  they  have  caused  light  emission.  Nitrous 
oxide  narcotizes  the  insect,  but  in  the  air  it  recovers  again.  Hydro- 
cyanic acid  and  cyanogen  kill  the  insect,  of  course,  but  not  imtil  they 
have  caused  the  emission  of  light.  The  luminous  organ  of  one  of 
the  local  species  of  Lampyridce  has  been  observed  to  glow  in  the 
mixture  of  air  and  prussic  acid  in  the  cyanide  killing  bottle  for  over  an 
hour,  long  after  the  actual  death  of  the  insect.  Ammonia  water 
causes  the  evolution  of  light  either  by  injection  or  immersion; 
Watas6  is  authority  for  the  statement  that  if  a  tissue  suspected  of 
being  luminous  refuses  to  give  light  with  any  other  stimulus,  it  will, 
if  a  true  photogenic  tissue,  glow  on  moistening  with  dilute  ammonia 
water.  The  injection  of  3  per  cent  hydrogen  peroxide  solution  also 
caused  the  evolution  of  light.  Limd  (")  has  also  studied  the  effect 
of  H,0,  on  the  tissue. 

With  the  freshly  detached  luminous  segments,  the  most  notable 
results  were  obtained  with  the  vapors  of  methyl  and  ethyl  alcohols, 
carbon  tetrachloride  and  bisulphide,  and  mononitrobenzene  acting  in 
the  presence  of  air.  All  of  these  reagents  caused  light  emission  and 
the  light  given  out  was  not  the  continuous  faint  glow  frequently  the 
result  of  weak  chemical  stimuli,  but  was  accompanied  by  a  series  of 
distinct  flashes  or  pulsations  of  light  similar  to  the  normal  flashes 
of  the  insect.  With  the  detached  organ,  the  effect  of  powerful 
poisons  was  in  almost  every  instance  to  produce  the  evolution  of 
light,  sometimes  faint  and  of  short  duration,  but  defiiiite.  As 
examples  of  poisons  acting  thus  may  be  cited  hydrofluoric  acid,  iodine 
cyanide,  and  bromine. 
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Thus  far  one  substance  alone  has  conducted  itself  as  a  positive 
inhibitor  of  the  photogenic  function.  This  is  sulphur  dioxide. 
Carradori  observed  this  fact  with  the  Luciola  ttalica  over  100 
years  ago,  and  Dubois  has  made  a  similar  observation  with  regard  to 
the  cucuyo.  The  live  insect,  the  freshly  detached  luminous  organ, 
and  the  dried  tissue,  placed  in  this  gas,  all  fail  to  glow,  or  glow  but 
weakly  and  momentarily,  and  are  dead  to  all  other  stimuli  when 
removed  from  it.  As  a  rule  even  those  substances  which  tend  to 
poison  the  luminous  tissue  caused  the  evolution  of  a  dim  light  at 
first,  but  not  so  with  sulphur  dioxide  in  the  majority  of  cases  in  which 
we  used  it.  It  has  since  been  found  by  McDermott  C*)  that  liquid 
sulphur  dioxide  and  liquid  ammonia  both  destroy  the  photogenic 
power  of  the  dried  tissue. 

Mechanical  stimuli,  such  as  friction  and  percussion,  and  physical 
stimuli,  such  as  electricity  and  heaL  also  cause  the  production  of 
light  by  the  luminous  organs  of  the  nrefly,  whether  attached  to  the 
living  insect  or  detached.  The  effects  of  various  temperatures  and  of 
electric  discharges  of  various  strengths  have  been  extensively  studied 
by  other  observers.  Lund's  (**)  observations  on  the  effect  of  heat 
on  the  tissues  are  very  interesting  and  important,  as  showing  definite 
temperatures  as  the  fatal  points  for  light  production,  reduction  of 
0.04,  etc.  Transferring  the  detached  luminous  organs  from  one  gas 
to  another,  even  though  one  or  both  be  chemically  neutral,  may  cause 
light  production,  apparently  due  to  some  osmotic  effect.  Currents 
of  air  and  other  gases  exert  an  effect  on  these  detached  organs,  which 
Prof.  Kastle  has  compared  to  the  effect  of  air  currents  on  the  strych- 
ninized  frog.  It  is  obvious  from  these  facts  that  the  luminous  tissue 
is  one  of  great  irritability. 

Some  of  these  results  indicate  that  the  effect  of  reagents  is  exerted 
on  the  nervous  system  rather  than  directly  on  the  luminous  tissue, 
and  this  probably  accounts  for  some  of  the  irregular  and  conflicting 
results  obtained  by  those  who  have  experimented  in  this  field. 

The  significant  fact  that  osmic  acid  is  reduced  by  the  luminous 
tissue  has  already  been  referred  to.  It  has  been  observed  that 
fixing  fluids  containing  this  oxide  increase  the  intensity  of  the  light 
of  fresh  luminous  organs  placed  in  it,  but  whether  this  is  due  to  direct 
oxidation  by  the  osmic  and  chromic  acids  present,  or  to  irritation 
of  the  nervous  system  produced  by  them,  can  not  be  said. 

The  writer  has  observed  that  liquid  luminous  cultures  of  Pseu^ 
domonaa  ludfera  are  extinguished  and  killed  by  the  addition  of  solutions 
of  hydrogen  peroxide  and  sodium  perborate,  and  of  mononitrobenzene, 
but  that  the  effect  of  adding  solutions  of  potassium  perchlorate  was, 
if  anything,  to  increase  the  intensity  of  the  light,  and  the  culture  was 
not  killed  in  two  days. 
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4,  THE  PHOTOGENIC  OROAKS. 

The  luminous  apparatus  of  the  male  of  Phatinva  pyrali9 — the  more 
commonly  seen  of  the  sexes— occupies  the  entire  ventral  surfaces  of 
the  two  abdominal  segments  next  to  the  last,  and  a  portion  of  the 
preceding  segment.  That  of  the  female  is  a  small  rectangular  area  on 
the  third  abdominal  segment  from  the  last;  both  sexes  have  also  two 
very  small  points  of  luminous  tissue  on  the  last  abdominal  s^ment. 
In  general  the  luminous  apparatus  of  other  Lampyridse  is  confined  to 
a  similar  location  on  the  body,  though  some  species  of  PTumsiB  and 
Phengodes  show  a  wider  distribution  of  the  organs. 

The  luminous  oi^an  of  PJiotinus  pyrosis,  in  conunon  with  those  of 
the  other  Lampyridx  which  have  been  studied,  consists  of  two  layers 
of  cells,  under  the  outer  transparent  chitin.  These  layers  of  cells  are 
penetrated  by  numberless  trachese,  the  ends  of  which  are  connected 
by  a  network  of  very  fine  tracheoles,  the  whole  system  resembling  the 
finer  veining  of  ^  leaf.  On  the  inner  surface  of  the  organ  these  trache® 
unite  to  form  larger  passages,  which  imite  near  the  spiracle  with  the 
breathing  tracheae.  It  is  practically  certain  that  during  the  life  of 
the  insect  these  trachesB  are  filled  with  air.  Of  the  two  cell  layers,  the 
outer  consists  of  a  mass  of  some  special  type  of  nucleated  cell,  of 
unknown  nature,  penetrated  by  the  aerophore  cylinders,  while  the 
inner  layer  is  composed  mainly  of  urates,  and  probably  serves  as  a 
sort  of  reflector. 

Several  studies  of  the  structures  in  different  species  of  Lampyrid» 
have  been  made,  which  agree  with  each  other  in  a  general  way. 
McDermott  and  Crane  C)  have  shown  that  the  structures  in  PluMrms 
pyralis,  P.  consanguineus,  and  Photwris  pennsylvanica  are  quite 
similar,  and  agree  very  well  with  those  described  by  Townsend  (••)  for 
PhoUnua  marginellus.  The  organs  of  Photuris  presented  some  slight 
differences  from  those  of  the  other  species.  Lund  (**)  has  recently 
examined  the  photogenic  tissues  in  a  niunber  of  Lampyrids,  and 
come  to  very  similar  conclusions. 

Bongardt  (')  has  studied  the  photogenic  organs  of  Phavsis  (Lam^ 
pyria)  splendidula,  Lampyris  noctUuea,  and  Phosphaenus  Jiemipterus, 
three  European  Lampyrids,  and  apparently  failed  to  find  anastomosis 
of  Ihe  tracheoles.  However,  the  author  has  recently  examined  some 
sections  of  the  luminous  tissue  of  Lampyris  noctUuca  (female),  and 
had  little  difficulty  in  seeing  the  tracheolar  anastomosis;  the  struc- 
tures differed  somewhat  from  the  American  LampyridaB,  the  distribu- 
tion of  the  tracheal  branches  being  less  regular,  and  the  ''cylinders" 
(as  in  Photwris  also)  less  sharply  defined  than  in  Photiwus.  He  has 
also  examined  the  tissues  of  Photvmis  scintiUams  and  Lecontea  lucifera 
and  foimd  them  to  be  practically  identical  with  those  in  the  insects 
previously  studied. 
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The  luminous  organs  of  PJ^engodes  laticoUis  (female)  present  a 
different  structure.  The  photc^enic  tissue  does  not  show  the  definite 
and  more  or  less  r^ular  boundaries  seen  in  the  other  species  studied, 
but  seems  to  be  simply  small  masses  of  tissue,  without  regular  margins; 
the  urate  layer,  moreover,  appears  to  be  entirely  absent.  As  com- 
pared with  the  tissues  of  the  Lampyridse  above  described,  the  indi- 
vidual cells  are  very  much  smaller,  and  the  number  of  trache»  is 
much  less.  At  this  time  nothing  can  be  said  regarding  the  arrange- 
ment and  distribution  of  the  tracheal  capillaries,  except  that  only  a 
veiy  few  have  been  observed  and  none  could  be  traced  to  points  of 
anastomosis. 

Among  the  other  luminous  organisms,  considerable  attention  has 
been  directed  to  the  fish,  the  sea-stars  (Ophurians),  the  Annehds 
(OdontosyUia)  and  AchoUs,  and  to  a  variety  of  other  marine  forms. 
Much  of  the  more  recent  work  is  contained  in  Mangold's  monograph, 
and  treated  therein  quite  exhaustively.  Briefly,  many  of  the  photo- 
genic organs  in  marine  forms  appear  to  be  typically  gladular,  and  of 
degrees  of  complexity  varying  from  simple  secreting  cells  to  complex 
arrangements  of  glands,  reflectors,  and  lenses.  « 

Putter  (*•)  has  divided  biophot<^nicity  into  intra-  and  extras 
glandular  processes  and  into  intra-  and  extra-cellular  luminescence. 
Under  this  classification  the  process  in  the  fire-flies,  the  fish  investi- 
gated by  Steche  (•*),  etc.,  is  intra-glandular  and  intra-cellular.  In  the 
cephalopods  and  certain  fish  which  are  supposed  to  secrete  a  photo- 
genic product  in  one  portion  of  the  oi^an  and  then  utilize  it  in  another 
portion  serving  as  a  receptacle,  the  process  is  intra-glandular  and 
extra-cellular,  while  in  the  annelids  (Odontosyllids)  [(Calloway  and 
Welch  P^'^)],  AchoUB  [Kutschera  (")],  the  myriapods  [Dubois  ("»*•), 
Thomas  (•*)  and  others],  certain  prawns  [Alcock  (0],  and  some  species 
of  cephalopods  [Hoyle  (^)],  the  process  is  extra-glandular  and  extra- 
cellular. ("Intra-"  and  "extra-organic"  would  perhaps  be  better 
general  words  than  intra-  and  extra-glandular.) 

The  photogenic  organs  of  some  fish  and  cephalopods  show  a  net- 
work of  blood  vessels,  corresponding  roughly  to  the  aerophore  trache- 
oles  of  the  fire-flies.  Many  of  the  organs  in  these  forms  and  in  certain 
crustaceans  (see  Mangold),  show  a  "search-light"  or  "bull's-eye" 
structure  in  which  there  is  more  or  less  well-defined  lens,  a  light- 
producing  body,  and  a  reflecting  layer  of  approximately  parabolic 
outline. 

There  is  a  considerable  field  for  further  investigation  in  this  matter 
of  the  structure  of  the  light-giving  oi^ans  of  different  forms,  and  some 
of  the  work  that  has  been  done  is  in  need  of  confirmation.  We  can 
not  but  wonder  at  the  processes  which  during  the  age^  have  operated 
to  produce  these  structiures  in  present-day  organisms — ^how  they 
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originated;  and  why  ?  The  phylogenetic  problems  are  certainly  very 
interesting,  and  present  remarkable  instances  of  '' convergence."  It 
is  hoped  to  collect  some  of  these  cases  and  develop  them  in  a  future 
paper. 

5.  FLUORESCENT  SUBSTANCES  IN  LUMINOUS  INSECTS. 

An  interesting  circumstance  in  this  connection  is  the  existence  in 
certain  luminous  organisms  of  a  substance  whose  solutions  exhibit  a 
brilliant  blue  fluorescence.  Dubois  ("»  ")  found  this  substance  in 
the  cucuyo,  and  in  Ludola  iidlicaf  and  named  it  ^'Pyrophorine/'  from 
Pyrophorus  noctUucuSy  the  entomologic  name  of  the  cucuyo.  More 
recently  Ck>blentz  (*)  has  found  it  in  Photinua  pyralis^  Photinua  cor- 
ru8U8,  and  Phoiuria  pennsylvanica,  and  the  author  has  foimd  it  in 
Photinus  eonaanguineuSf  P.  sdrUiOans,  and  Lecontea  lucifera.  It  is 
also  present  in  the  larva  of  Photinus  pyralia,  and  in  other  lampyrid 
larvae.  Dubois  ("»  **»  ")  regarded  this  substance  as  a  glucoside, 
analc^ous  to  esculin  (a  glucoside  which  is  present  in  the  bark  of  the 
horse-chestnut,  and  whose  solutions  possess  a  blue  fluorescence), 
while  the  present  author  (^)  concluded  that  it  had  an  alkaloidal 
nature,  and  not  at  the  time  being  aware  that  Dubois  had  offered  the 
name  "Pyrophorine"  for  the  fluorescent  material  from  the  cucuyo, 
suggested  the  name  "Luciferesceine"  for  the  substance  from  the 
Lampyridae.  Neither  view  as  to  its  chemical  nature  is  at  all  definite, 
however,  and  more  work  will  be  necessary  to  elucidate  this  point. 

Fluorescent  extracts  of  the  pyralis  are  produced  by  extraction  with 
alcohol,  ether  and  water,  but  not  by  chloroform,  benzene,  or  carbon 
tetrachloride.  The  fluorescent  material  is  not  precipitated  by  lead 
acetate,  mercuric  chloride,  ammoniiun  sulphate,  nor  chloiplatinic 
acid.  It  appears  to  be  a  soUd  at  ordinary  temperatures,  though  as 
emitted  by  the  insect  it  is  contained  in  a  sticky  exudation,  which 
soon  hardens  in  the  air. 

Luciferesceine  dissolves  readily  in  liquid  ammonia,  the  solution 
presenting  the  blue  fluorescence  characteristic  of  aqueous  and  alco- 
holic solutions,  the  solution  itself  being  very  pale  yellow. 

Dubois  seems  to  have  regarded  this  substance  as  of  use  to  the 
insect  in  transforming  useless  into  visible  radiation,  and  thus  improv- 
ing the  quality  or  intensity  of  the  emitted  light ;  and  he  states  that  on 
this  theory  he  first  advanced  the  idea  of  the  use  of  fluorescent  mate- 
rials with  artificial  illuminants  to  improve  the  quality  of  the  light, 
as  is  now  done  in  the  use  of  rhodamine  with  the  merciuy  vapor  arc. 
Two  things,  however,  stand  in  the  way  of  the  acceptance  of  the  view 
that  the  fluorescent  property  of  this  substance  is  of  use  to  the  insect; 
first,  the  internal  juices  of  the  insects  (at  least  of  Photmua  pyrdlia) 
are  slightly  but  distinctly  acid,  and  it  has  been  foimd  that  even  a 
weak  acid  reaction  destroys  the  fluorescence;  second,  Ives  and  Co- 
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blentz  (ante)  photographed  the  spectrum  of  the  fluorescent  light  from 
solutions  of  luciferesceine  and  of  the  emitted  light  of  the  fire-fly 
itself,  and  showed  that  the  spectra  are  almost  complementary,  and 
that  the  fluorescent  spectnun  does  not  appear  on  the  plates  of  the 
emitted  light  of  the  insect,  although  these  plates  were  sensitive  to 
the  wave-lengths  embraced  in  the  fluorescent  spectrum.  In  any  event 
the  intensity  of  the  fluorescence  of  the  material  in  a  single  insect  would 
be  too  slight  to  have  any  appreciable  effect  in  modifying  the  color  of 
the  emitted  light.  (See  Ck>blentz  (**)).  In  fact  it  seems  probable 
from  the  work  of  Tappeiner  and  lodlbauer  (•*)  that  if  the  substance 
should  actually  fluoresce  in  the  bodies  of  the  insects,  it  would  kill 
them.  Pigments  and  other  substances  showing  fluorescence  are  not 
uncommon  in  animals ;  Sttibel  (^)  has  claimed  that  all  animal 
tissues  exhibit  fluorescence  when  exposed  to  ultraviolet  light,  while 
Amdt  (private  communication)  states  that  he  has  observed  the 
presence  in  most  insects  of  substances  which  are  fluorescent  under 
the  influence  of  the  X-rays. 

Personally,  the  writer  is  inclined  to  regard  the  fluorescence  simply 
as  an  incidental  property  dependent  on  the  structure  of  some  oom- 
poimd  frequently  met  with  in  insects  of  this  nature,  much  as  Jordan 
C**)  r^ards  the  fluorescent  pigment  of  Bacillus  Jluorescens  liquefaciens. 

Dr.  Coblentz  finds  that  these  fluorescent  extracts  exert  a  strong + 
rotation  on  polarized  light. 

5.  BIOLOGIC  RELATIONS  OF  THE  PHENOMENA. 

There  has  been  a  good  deal  of  discussion  as  to  the  significance  of 
the  photogenic  functions  for  the  forms  possessing  it.  There  are 
four  recent  papers  of  considerable  importance  in  this  connection. 

Galloway  (")  [Galloway  and  Welch  {^)]  has  observed  the  use  of 
'  'phosphorescence  "  as  a  mating  adaptation  in  an  Odontosyllid,  Odonto- 
syUis  Enopla  Verrill,  this  apparently  being  the  first  instance  in  which 
the  relation  between  this  function  and  the  reproductive  life  of  the 
organism  has  been  definitely  established.  McDermott  ('*)  has  con- 
fibrmed  the  old  and  frequently  over-looked  observation  of  Osten- 
Sacken  (^)  that  the  photogenic  function  plays  an  important  part  in 
the  mating  of  Photinus  pyraiis,  and  has  extended  the  observation  to 
a  few  other- species  of  Lampyridae.  Mast  (***)  has  confirmed  this 
result  as  applied  to  Photinvs  ardens,  and  brought  out  the  bearing  of 
the  phenomenon  on  the  problems  of  phototaxis  and  orientation. 
Lund  (**'  ^)  has  made  oteervations  on  Odontosyllids,  Lampyrids, 
and  Elaterids,  which  tend  to  support  the  observations  recorded  in 
the  above-mentioned  papers.  An  extended  study  of  the  relation  of 
the  photogenio  function  to  the  reproductive  life  of  a  large  number  of 
species  of  Lampyridae  of  different  genera  would  be  of  great  interest, 
especially  as  the  females  of  a  great  many  of  the  species  of  this  family 
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are  unknown,  while  in  some  other  instances,  the  females  alone  are 
known.  A  number  of  observations  of  the  relations  between  size  of 
eyes,  length  and  complexity  of  antennae,  and  the  development  of 
the  photogenic  function  in  the  sexes  have  been  made,  the  extreme 
of  which  appears  to  be  reached  in  forms  like  Phengodes  laticollis, 
where  the  male  is  winged,  has  very  laige  eyes,  laige,  plumose 
antennae  and  is  non-luminous,  while  the  female  is  intensely  luminous 
from  a  large  number  of  photogenic  organs,  is  entirely  apterous,  has 
very  small  eyes,  and  only  rudimentary  antennae. 

The  reported  luminosity  of  midges  (Chironamus)  has  long  been  a 
matter  of  curiosity  and  speculation.  It  has  at  last  been  proven  by 
Issatschenko  (**) — as  was  previously  suspected — that  the  light  emis- 
sion in  these  insects  is  due  to  bacterial  infection,  iq>parently  patho- 
genic. This  strongly  recalls  Giard's  observation  C*)  of  the  patho- 
genic relation  of  a  species  of  photogenic  microorganism  to  TalUrus. 
It  may  also  have  a  confirmatory  value  toward  the  explanation  offered 
by  Distant  (*•)  of  the  alleged  luminosity  of  Fvlgora.  In  view  of  the 
Imown  propensity  of  owls  to  hide  during  the  day  in  hollow  trees, 
and  the  frequent  infection  of  such  trees  by  photogenic  molds,  etc.,  it 
seems  that  a  similar  explanation  might  be  advanced  for  the  occasional 
instances  in  which  these  birds  have  been  reported  to  be  luminous, 
such  as  those  cited  by  Dobba  and  Moffatt  ("),  and  Purdy  ("*). 

A  number  of  observers  have,  at  various  times,  reported  the  lumi- 
nosity of  various  species  of  earth-worms.  Walter  (••)  attributes  this 
property  to  the  secretion  of  certain  glands  in  the  skin  of  the  worm, 
which  is  of  interest  when  considered  with  the  studies  of  Oalloway 
(**'  ^  on  the  related  marine  Odontosyllids,  and  those  of  Kutschera 
(**)  on  Aeholoe;  in  this  latter  instance  the  luminosity  appears  to  have 
a  defensive  function. 

So  far  as  marine  forms  in  general  are  concerned,  the  photogenic 
function  appears  to  have  a  variety  of  uses,  its  significance  to  a  given 
organism  depending  on  the  method  of  life  of  the  species.  Alcock  (0 
brings  out  this  variation  in  the  use  of  the  function  in  marine  organ- 
isms very  weU.  Nutting  (^}  has  also  had  a  very  interesting  paper 
on  this  phase  of  the  subject.  TVlth  the  increasing  knowledge  of  the 
existence  of  light-giving  structures  in  numbers  of  species  of  fish, 
cephalopods,  crustanceans,  and  many  lower  forms,  the  views  as  to 
the  use  of  such  organs  to  their  possessors  are  gradually  broadening, 
and  the  conception  of  the  conditions  of  life  in  the  depths  of  the  sea 
becoming  more  and  more  definite  and  interesting. 

Several  studies  of  the  structure  and  development  of  the  luminous 
organs  in  various  fish  have  been  made,  perhaps  the  most  interesting 
and  complete  of  which  are  those  of  Greene  ("O  and  Gatti  (**) ;  neither 
of  these  papers  can  be  conveniently  quoted  here,  but  both  are 
important. 
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It  seems  to  the  author  that  the  question  of  the  relation  of  the 
photogenic  function  to  the  Uves  of  the  creatures  possessing  it  has 
not  had  the  attention  it  deserves.  Reliable  and  definite  observations 
are  scattered,  and  sometimes  conflicting,  and  there  is  much  ground 
that  has  not  been  covered  that  would  form  an  inviting  field  for  some 
extremely  interesting  biologic  studies. 

Moore  (*^)  has  made  the  interesting  observation  that  certain 
luminous  marine  organisms  show  a  diurnal  periodicity  of  light- 
emission,  even  when  kept  in  ^complete  darkness  for  several  days; 
this  periodicity  shows  itself  by  the  appearance  of  light  at  approxi- 
mately the  same  time  in  the  evening  and  its  cessation  at  about  dawn, 
even  though  the  creatures  are  kept  away  from  light  during  the  whole 
time  of  observation. 

CONCLUSION. 

We  can  not  say  now  what  possibilities  Ue  before  us  in  the  discovery 
of  the  "secret  of  the  firefly,"  particularly  as  to  the  kind  of  "oil"  he 
uses  in  his  little  lamp.  Perhaps  it  will  be  discovered  and  turned  to 
practical  account.  The  emitted  light  of  the  firefly  is  far  from  being 
a  good  light  for  general  illumination,  in  spite  of  its  high  luminous 
efficiency,  on  account  of  the  very  limited  range  of  color  effects  pos- 
sible under  it.  A  single  firefly  has  been  variously  estimated  to  give 
from  ^  (Coblentz,^)  to  ^  Vjftt  (Langley  and  Very,*®)  of  a  candle  power, 
so  we  would  need  quite  a  high  "firefly  power"  to  light  our  homes 
and  streets  by  biophotogenic  light.  There  are  still  many  gaps  in  our 
knowledge  of  this  interesting  subject,  in  spite  of  the  large  amount  of 
work  that  has  already  been  done,  but  one  by  one  we  hope  to  close 
these  up  and  discover  the  secret  of  the  cheapest  form  of  light. 
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The  term  ''organic  eyolution"  implies  that  existing  organisms  are 
children  of  the  past  and  the  parents  of  the  future.  As  biologists  we 
hold  that  this  order  of  things  is  the  result  of  natural  processes  of  growth 
and  change  working  throughout  past  ages;  in  fact,  that  existing 
plants  and  animals  are  the  lineal  descendants  of  ancestors  on  the 
whole  somewhat  simpler  in  organization,  and  that  these  ai«  derived 
from  still  simpler  forms,  and  so  backward  to  pre-Cambrian  geo- 
logical periods,  when  we  have  reason  to  believe  that  living  organic 
matter  first  came  into  existence  on  the  earth.  Of  one  thing  we  may 
be  sure,  which  is  that  evolution,  according  to  the  above  definition, 
depends  on  the  fact  that  the  living  substance  which  constitutes  the 
essential  part  of  organisms  on  the  one  hand  is  capable  of  passing 
its  form  and  f imctions  on  to  its  descendants,  and  on  the  other  hand 
possesses  an  organic  changef ulness  which  we  call  variability.^ 

Organic  evolution  implies  a  definite  structtural  arrangement  and 
combination  of  an  aggregate  of  elements  into  a  form  which  constitutes 
a  unit  or  cell;  one  or  it  may  be  a  mass  of  these  units  form  the  body 
of  an  organism.  This  form  of  matter  is  known  as  protoplasm  or  the 
basis-substance  of  life,  because  the  complete  series  of  phenomena 
which  collectively  we  call  life  are  manifested  through  the  instru- 
mentality of  this  kind  of  matter.' 

The  protoplasm  of  living  cells,  among  its  other  constituents,  inva- 
riably contains  a  chemical  compoimd  known  as  protein,  a  wonder- 
fully complex  substance.  For  instance,  the  protein  which  exists  in  our 
red  blood  cells  is  said  to  be  composed  of  molecules  having  a  chemical 
formula  of  C^  Hgeo  Nj^FeOiTj,  whereas  the  formula  of  water  is  H,0. 
And  just  as  the  peculiar  properties  of  water  are  given  to  it  by  the 

1  Haradity,  by  J.  Arthur  Thomsoii,  p.  12,  Londoo,  J.  Momy,  1906. 

«  Thw*  p*»^tn^a  innhuu  thA  pftwwr  prrnflMnfl  hy  liylog  p]t>t<q>la8ni8  of  leplaotiig  its  woTO-out  elements 
firom  sniTOimdiiig  mstedals  wlthoat  hhanging  its  form  or  fonottons,  of  leprododng  its  Uke,  of  respiring, 
and  by  ohemloal  action  of  farming  eosymes;  it  is  also  capable  of  betag  modiftBd  by  external  and  internal 
forces  in  such  a  way  as  to  become  a  transformer  of  energy  into  psychical  and  other  processes . 
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properties  of  the  hydrogen  and  the  oxygen  which  combine  to  form  it, 
so  ike  marvelous  properties  of  protein  are  due  to  the  assemblage  of 
the  properties  of  the  carbon^,  hydrogen,  and  other  elements  M^hich 
enter  into  its  composition.  The  molecules  of  protein,  in  some  at 
present  unknown  way,  are  built  up  so  as  to  form  the  still  more 
complex  body,  living  protoplasm.^ 

The  fundamental  principle  we  have  to  bear  in  mind  is  that  living 
protein,  without  alteration  in  its  chemical  composition,  is  capable  of 
existing  in  a  multitude  of  forms.  As  Prof.  W.  B.  Hardy  states,  all 
proteids  are  not  the  same  proteids;  there  are  proteids  of  men,  others 
of  beasts,  others  of  fishes,  and  others  of  birds.  The  properties  of  a 
complex  substance  like  protein  are  defined  not  so  much  by  the  kind 
of  atoms  or  number  of  elements  of  which  it  is  built  up,  as  by  the 
8tructiu*al  arrangement  and  the  motion  of  those  atoms  in  space.' 
He  gives  as  an  example  the  molecules  of  two  chemical  substances, 
benzonitrile  and  phenylisocyanide,  each  of  these  being  composed  of 
seven  atoms  of  carbon,  five  of  hydrogen,  and  one  of  nitrogen.  There 
is  a  small  difference  in  the  arrangement  of  these  atoms;  this  differ- 
ence 80  alters  the  properties  of  the  two  substances  that  one  is  a  harm- 
less fluid  with  an  aromatic  smell;  the  other  an  offensive  poison.  It 
is  evident  from  the  complex  nature  of  the  elements  of  a  proteid  that 
its  molecules  must  be  of  far  larger  dimensions  than  the  molecules  of 
inorganic  substances;  but  the  larger  the  size  the  greater  the  proba^ 
bility  of  variation  of  its  elements  in  detail  by  the  action  upon  them  of 
various  forms  of  energy.  As  we  have  elsewhere  stated,  it  is,  we  hold, 
in  consequence  of  the  imique  structural  arrangement  and  motion  of 
the  elements  which  constitute  protoplasm,  that  it  acts  as  a  trans- 
former of  chemical  and  other  kinds  of  energy  into  phenomena  char- 
acteristic of  living  matter.* 

The  majority  of  persons  who  have  studied  the  subject  are  of  opinion 
that  organic  evolution  is  a  natural  process,  the  existing  orders  of  ani- 
mals and  plants  having  been  progressively  developed  out  of  specially 
adapted  protoplasmic  elements.  Nevertiieless,  a  considerable  num- 
ber of  educated  people  have  misgivings  on  this  subject,  for  they  fail 
to  comprehend  how,  if  the  various  classes  of  animals  have  been  gradu- 
ally evolved  out  of  a  common  form  of  organic  matter,  it  comes  to 
pass  that  some  of  them  should  possess  a  nervous  system,  through 
means  of  which  they  have  gained  the  power  of  guiding  their  actions 

1  The  Doctrine  of  Evolution,  by  Prof.  H.  E.  Crampton,  p.  22. 

s  Sctence  Progress,  vol.  1,  p.  195. 

*  It  may  be  shown  that  we  can  fix  oertain  qnaUtleB  on  the  snrteoe  layer  of  solids  sadi  as  protoplasm  by 
the  nse  of  mhmte  amounts  of  salts.  The  salts  may  be  washed  oat,  but  Its  effects  remain  and  exert  a  direct 
infloenoe  on  the  suooeedlnf  mcdecolar  erents,  so  far  this  action  lasts  fbr  all  time  in  the  absence  of  actlre 
chemical  interrentlon.  See  Journal  de  Chem.  Physique,  toIs.  2  and  S,  pp.  61, 60;  Human  Speeidi,  by  N. 
C.  Macnamara,  International  Sdentiflo  Series,  vol.  05,  p.  12. 

Prot  Villa,  in  his  admirable  work  on  Contemporary  Psydudogy,  states  "What  we  call  'Hie'  or  biological 
organization  is  the  result  of  a  peculiar  combination  of  elemeots,''  pp.  26S,  271. 


Digitized  by  CjOOQIC 


OBeANIC  EVOLUHOK — MACNAMABA.  365 

hj  intelligent  thought^  while  other  classes  of  beings,  derived  from  the 
same  forms  of  matter,  have  failed  to  develop  these  powers,  their 
movements  being  governed  by  automatic  and  reflex  processes.  In 
attempting  to  give  a  reason  for  this  state  of  affairs,  we  assume  that 
at  a  certain  stage  of  otur  earth's  formation  an  aggregation  of  elements 
came  into  existence  such  as  that  to  which  we  have  above  referred.^ 
Our  object  is,  if  possible,  to  ascertain  under  what  conditions  and 
demonstratable  properties,  this  oi^anic  matter  has  developed  into 
the  orders  of  animals  and  plants  now  living  in  the  world. 

In  attempting  to  master  the  complex  mass  of  phenomena  which 
are  involved  in  the  solution  of  a  probl^oa  of  this  kind,  there  is  only 
one  rational  coiu^e  to  pursue  in  order  to  get  a  view  of  its  cause;  we 
must  invent  an  hypothesis — that  is,  we  must  place  before  ourselves 
some  more  or  less  likely  supposition  respecting  the  cause;  and, 
having  framed  our  hypothesis,  we  must  endeavor,  on  the  one  hand, 
to  prove  that  the  supposed  cause  exists  in  natiu'e,  that  it  is  com- 
petent to  accoimt  for  the  phenomena,  and  that  no  other  known 
cause  is  competent  to  account  for  them.' 

Various  hypotheses  have  from  time  to  time  been  promulgated  to 
accoimt  for  the  natural  evolution  of  animals  and  plants.  Of  these 
theories  two  at  present  occupy  the  serious  attention  of  biologists. 
The  one  known  as  Darwin's  hypothesis,  or  natural  selection,  assumes 
the  progressive  evolution  of  the  simpler  into  more  complex  orders 
of  beings.  The  other  is  De  Vries's  hypothesis  of  mutation,  which 
assumes  that  new  species  of  animals  and  plants  have  suddenly  been 
produced  from  preexisting  fully  formed  beings.* 

We  may  best  appreciate  Darwin's  hypothesis  by  referring  to  his 
own  remarks  on  the  subject.  He  states  that  in  his  opinion  ''  animals 
have  descended  from  at  most  only  fom:  or  five  progenitors,  and  plants 
from  an  equal  or  lesser  number.  This  would  lead  us  one  step  further, 
namely,  to  the  belief  that  all  animals  and  plants  have  descended 
from  some  one  prototype."  *  We  may  suppose  that  the  primeval 
prototype  began  by  producing  beings  like  itself,  or  so  slightly  affected 
by  external  influences  as  at  first  to  be  scarcely  distinguishable  from 
their  parent.  When  the  progeny  multiplied  and  diverged,  they  came 
more  and  more  under  the  influence  of  * 'natural  selection,"  and  thus 
through  coimtless  generations  under  the  operation  of  this  law  hmnan 
beings  were  fimaUy  developed. 

Darwin  refers  to  the  multitude  of  the  individuals  of  every  species, 
which  from  one  or  another  cause  perish  either  before  or  soon  after 
attaining  maturity.     He  states  that  in  consequence  of  the  struggle 

1  Evolotioii  Darwinian  and  Spenoerlan.    The  Herbert  Spencer  Lecture,  by  Raphael  Meldola,  F.  R.  8., 
p.  20.    Also  Hnman  Speech,  by  N.  C.  Maonamara,  p.  12. 

•  Huxley's  Eaaays.    Phenomena  of  the  Origin  of  Matter.    Everyman's  Library  Edition,  p.  247. 

•  Species  and  Varieties:  their  Origin  by  MotaUon,  Heredity,  and  Bvolation.    By  Hugo  de  Vrles. 

•  Origin  of  Species,  p.  484. 
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for  existence,  any  variation  however  sUght,  and  from  whatever  cause 
proceeding,  if  it  be  in  any  degree  profitable  to  an  individual  of  any 
species  in  its  infinitely  complex  relation  to  other  beings,  and  to  its 
environment,  will  tend  to  protect  that  individual  and  will  generally 
be  inherited  by  its  offspring.  Darwin  calls  the  principle  by  whidi 
each  slight  useful  variation  of  an  organism  was  preserved,  the  principle 
of  natural  selection,  in  order  to  emphasize  its  relation  to  man's  power 
of  selective  breeding.  For  it  is  well  known  that  by  careful  selection 
of  the  stock,  we  can  adapt  oi^anic  beings  to  our  own  use  through 
the  accumulation  of  slight  but  useful  variations.  Natiu*al  selection, 
however,  is  a  power  constantly  ready  for  action,  and  is  as  immeas- 
urably superior  to  man's  efforts  as  the  work  of  nature  is  to  that 
of  art.* 

Darwin  repeatedly  insists  on  the  fact  that  natural  selection  could 
not  have  been  effective,  unless  very  long  periods  of  time  were  allowed 
for  its  complete  action.  It  is  evident  that  time  must  have  been  an 
all-important  factor  if  we  are  to  suppose,  that  by  the  interaction  of 
the  inherent  properties  possessed  by  the  elements  of  living  organic 
matter,  its  structural  arrangement  became  gradually  modified  in 
such  a  way,  that  the  existing  classes  of  animals  and  plants  have  been 
evolved  out  of  it.  For,  as  the  late  Prof.  Huxley  states,  natural 
selection  implies  not  only  the  existence  of  oi^anic  matter,  but  also 
its  tendency  to  transmit  its  properties,  and  its  tendency  occasionally 
to  vary;  and  lastly,  given  the  conditions  of  existence,  that  these 
put  together  are  the  cause  of  the  present  and  the  past  conditions  of 
oi^anic  natiu*e. 

The  only  evidence  we  can  bring  to  bear  on  the  subject  of  the  pro-' 
gressive  evolution  of  the  animal  kingdom  is  derived  from  a  study  of 
their  fossil  remains,  in  the  various  geological  strata  of  our  own,  and 
other  parts  of  the  world.'  The  length  of  time  these  strata  have 
taken  to  form  is  an  open  question,  but  we  may  be  sure  that  our 
chalk  rocks,  for  instance,  consist  of  the  shells  of  marine  species  of 
animals,  and  that  these  remains  of  once  living  beings  must  have 
taken  long  periods  of  time  to  have  been  deposited  layer  upon  layer  at 
the  bottom  of  the  sea.  Darwin  states  that  the  fineness  of  gradation  in 
the  shells  of  successive  substages  of  the  chalk  formations  led  him 
to  maintain  the  gradual  as  against  the  sudden  evolution  of  species. 
The  fossil  shells  in  these  rocks  have  been  thoroughly  investigated  by 
Mr.  A.  W.  Rowe,  who  states  that  "the  white  chalk  of  England  offers 

1  On  the  Origin  of  Species  by  Means  of  Natural  Selection,  by  Charles  Darwin,  M,  A.,  1859,  p.  61. 

s  Many  of  the  attacks  made  apon  the  hypothesis  of  natural  selection  have  been  founded  on  the  imper* 
fection  of  geological  records  to  show  the  transitional  links,  which,  according  to  this  theory,  must  have 
connected  the  closely  allied  species  of  animato.  If,  howeyer,  we  take  into  account  the  perishable  nature  oi 
the  bodies  and  limbs  of  these  creatures,  the  probable  changes  that  have  occurred  in  the  surface  of  the  earth 
since  thay  were  deposited,  and  the  Imperfect  state  of  our  geological  records,  we  can  readily  understand  the 
reason  for  there  being  misring  links  in  the  fossil  remains  of  fonner  geological  periods. 
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to  almost  unique  field  for  observation,  on  account  of  its  thickness 
(considerably  over  1,000  feet),  its  slow,  uniform,  and  continuous 
deposit  in  a  sea  of  moderate  depth,  with  no  closely  adjacent  land, 
the  abimdance  and  wonderful  state  of  preservation  of  its  fossils, 
together  with  the  facility  with  which  they  can  be  cleared  of  their 
chalky  covering."  * 

Among  the  most  common  chalk  fossils  is  the  flattened,  heart- 
shaped  sea-urchin.  These  are  first  foimd  in  their  shelled,  sparsely 
ornamented  forms,  from  which  spring,  as  we  ascend  the  zone,  all 
the  other  species  of  the  genus.  The  progression  is  unbroken  and 
minute  in  the  last  degree.  We  can  connect  together  into  continuous 
series  each  minute  variation  and  each  species  of  gradation  of  struc- 
ture so  insensible  that  not  a  link  in  the  chain  of  evidence  is  wanting. 
In  the  other  common  sea-urchin  of  the  chalk,  although  evidence 
derived  from  the  details  of  structure  is  not  equally  available,  that 
afforded  by  the  gradual  variation  in  shape  as  we  ascend  through 
the  zones  of  formation  is  convincing  and  complete.  Equally  clear 
proof  of  continuous  evolution  is  provided  by  the  study  of  the  belem- 
nite  Actinocamax.  Although  this  genus  reaches  at  definite  zonal 
levels  a  sufficiently  accentuated  degree  of  variation  in  its  intrinsic 
character  to  warrant,  for  purely  stratigraphical  piuposes,  the  use  of 
trivial  titles,  the  fact  remains  that  these  so-called  species  are  but 
landmarks  in  the  progressive  and  unbroken  evolution  of  a  single 
though  somewhat  plastic  genus.  The  bearing  of  this  evidence  upon 
the  question  of  continuity  or  discontinuity  in  evolution  is  of  para- 
moimt  importance.  Nowhere  has  evidence  been  collected  so  fuUy  as 
in  the  case  of  the  white  chalk;  nowhere  have  such  conclusive  proofs 
of  continuity  in  evolution  been  established.^ 

Prof.  W.  B.  Scott,  referring  to  the  evolution  of  the  existing  species 
of  horses,  states  that  in  the  Lower  Tertiary  deposits  of  North  America, 
''each  one  of  the  different  Eocene  and  Oligocene  horizons  has  its 
characteristic  genus  of  horses,  showing  a  slow,  steady  progress  in  a 
definite  direction,  all  parts  of  the  structure  participating  in  the 
advance — ^which,  it  should  be  emphasized,  the  changes  are  gradual 
and  uninterrupted.''^  This  series  of  fossils  points  to  the  fact  that 
existing  species  of  horses  are  derived  from  individuals  less  highly 
capable  of  evading  enemies,  and  obtaining  food;  that  is,  they  point 
.  to  progressive  improvement  through  long  periods  of  time  in  structural 
arrangement  of  this  species  of  animals. 

Prof.  E.  B.  Poulton  was  much  impressed  by  the  series  of  mammalian 
skulls  from  the  Lower  Tertiary  beds  of  North  America,  arranged  in 

I  Darwin  and  his  Modem  Critioe,  by  E.  B.  Poulton.   The  Quarterly  Review,  July  1909,  p.  19. 
1  Prof.  E.  B.  Poulton.    The  Quarterly  Review,  p.  20,  July,  1909. 
I  The  Cambridge  Darwin  Memorial  Volume,  p.  190. 
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the  American  Museum  of  Natural  History,  New  York,  in  the  order  oi 
succession  in  time  as  determined  by  the  strata  from  which  the  f ossib 
had  been  taken.  One  series  showed  the  most  gradual  and  continuous 
modification  in  the  characters  of  teetii,  another  a  similariy  continuous 
erolution  of  horns. 

Again,  the  well-known  fossil  ArchaeopteryZi  found  in  a  series  of 
slates  in  Germany,  would  certainly  seem  to  constitute  a  link  between 
groups  now  widely  separated  by  divergence  in  evolution  from  the 
same  ancestors.  This  animal  is  at  once  a  feathered  flying  reptile 
and  a  primitive  bird  with  many  reptilian  structures.  Although 
Archaeopteryx  was  a  primitive  bird,  it  is  in  a  true  sense  a  ''link" 
between  reptiles  and  the  group  of  modem  birds;  the  gap  between 
these  types  is  filled  up  by  fossil  forms  like  Hesperomis,  whose  remains 
are  foimd  in  strata  of  a  later  date.  ''That  these  links  are  not  unique 
is  proved  by  numerous  other  examples  known  to  science,  such  as 
those  which  connect  amphibia  and  reptiles,  ancient  reptiles,  and 
primitive  mammab,  as  well  as  those  which  come  between  the  differ- 
ent orders  of  certain  vertebrate  classes.  The  important  element  in 
these  examples  of  evolution  is,  first,  their  adaptation;  secondly,  the 
origination  of  new  parts,  and  thirdly,  the  retention  of  the  better 
invention."  ^  Evidence  of  this  kind  does  not  enable  us  to  decide 
upon  the  cause  of  evolution;  but  in  the  instances  referred  to  pro- 
gressive development  has  occurred  gradually,  and  not  by  mutation 
or  sudden  leaps.'  On  the  other  hand,  they  have  much  to  do  with 
the  building  up  of  the  fittest.  As  Darwin  states:  "The  tendency 
to  the  preservation  (owing  to  the  severe  struggle  for  life  to  which 
all  oi^anic  beings  at  some  time  or  generation  are  exposed)  of  any 
variation  in  any  part,  which  is  of  the  slightest  use  or  favorable  to 
the  life  of  the  individual  which  has  thus  varied,  together  with  the 
tendency  to  its  inheritance.  Any  variation  which  was  of  no  use 
whatever  to  the  individual  would  not  be  preserved  by  the  process 
of  natural  selection."  • 

Another  kind  of  evidence  favoring  the  idea  of  the  progressive 
evolution  of  human  beings  from  simpler  orders  of  animals  is  the 
presence  of  what  are  known  as  nonfunctional  vestigial  structures, 
relics  of  past  phases  of  existence,  such,  for  instance,  as  the  unused 
external  muscles  of  our  ears  and  rudimentary  third  eyelids;  the 
gill-clefts  of  reptiles,  birds,  and  mammals,  and  the  hind  limbs  of 
whales.  The  study  of  these  vestigial  structiu-es  is  of  importance 
in  showing  that  ancestral  features  have  great  power  of  hereditary 

>  The  Doctrine  of  Evolution,  by  Prof.  H.  E.  Crampton,  p.  90. 
«  E.  B.  Poolton,  The  Quarterly  Review,  July,  1909,  p.  18. 

»  More  Letters,  1.    Pp.  126.    Quarterly  Review,  July,  1909,  p.  26.    Also  The  Evolution  of  Living  Pur- 
posive Matter,  by  N.  C.  Macnamara,  vol.  97,  International  Scientific  Series,  pp.  2, 53. 
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persistence.     These  traces  of  ancestral  history  are  intelligible  only  by 
means  of  the  hypothesis  of  natural  selection.' 

Prof.  G.  Elliot  Smith  insists  on  the  fact  that  a  knowledge  of  the 
evolution  of  the  brain  affords  us  a  reliable  and  important  due  in 
imderstanding  the  factors  which  have  led  to  the  making  of  mammals 
what  they  are,  as  well  as  supplying  evidence  to  show  whence  they 
came.  He  demonstrates  the  fact  that  from  the  earliest  development 
of  the  structiu'es  forming  the  cerebral  cortex  (or  that  portion  of  it  in- 
cluded in  the  neopallium),  its  fimction  has  been  to  regulate  '^skilled" 
movements  of  the  animal's  body.'  The  superior  development  of 
the  brain  of  Pithecanthropus  with  its  rudimentaiy  sensori-motor 
center  of  speech,  gave  tUs  order  of  beings  an  advantage  over  its 
nearest  competitors,  the  anthropoid  apes,  and  as  the  progressive  evo- 
lution of  the  brain  of  man  was  raised  to  a  higher  standard  by  the 
exercise  of  his  skilled  movements,  so  lus  psychical  powers  increased, 
and  led  him  to  manufacture  weapons  and  implements  of  various 
kinds,  and  to  appreciate  the  use  of  fire  to  aid  his  brute  force. 
Thus  the  gap  between  man  and  apes  widened  more  and  more  as  the 
reasoning  power  of  the  former  increased  through  successive  gen- 
erations.' 

Having  thus  ^ven  an  outline  of  the  evidence  which  leads  us  to 
accept  Darwin's  hypothesiB  as  being  as  near  an  approximation  to  the 
truth  as,  for  example,  the  Copemican  hypothesis  was  to  the  true  theory 
of  the  planetaiy  motions,^  we  must  refer  to  some  of  the  reasonable 
objections  that  have  been  advanced  against  this  theory. 

As  far  back  as  the  year  1863  Huxley  foimd  he  was  unable,  without 
reserve,  to  accept  the  theory  of  natural  selection,  because  although  in 
his  opinion  this  theory  accounted  for  the  structural  origin  of  species, 
it  was  incapable  of  explaining  their  physiological  differences.*  For, 
he  argued,  it  was  a  well-known  fact  that  distinct  species  in  a  state  of 
nature  were,  when  crossed,  incapable  of  perpetuating  the  species.  On 
the  other  hand,  selective  breeding  was  incapable  of  producing  species 
which  on  crossing  were,  as  a  rule,  sterile.  Since  Huxley^s  time,  . 
however,  it  has  been  proved  that  fertile  pairing  between  distinct 
species  of  animals  is  by  no  means  a  rare  occurrence.' 

We  have  already  referred  to  another  diflSiculty  experienced  by 
many  educated  people  in  accepting,  without  reserve,  the  theory  of 
natiural  selection;  they  are  unable  to  conceive  how  slight  beneficial 

>  Heredity,  by  Prof.  J.  A.  Thomson,  p.  127. 

>  British  Association  for  the  year  1011.   Sec  D.   '*  The  Origin  of  Mammals." 

•  Plot  H.  E.  Crampton,  "The  Dootrine  of  Evolntloii,"  p.  176.   Hmnan  Speech,  by  N.  C  Macnamaia, 
p.  210,  figs.  87  and  42. 

«  Hozley'B  Essays,  p.  100. 

•  Huxley's  Essays,  p.  228. 

•  J.  A.  Thomson  on  Heredity,  pp.  338, 887. 
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variatioDs  in  the  structural  arrangement  oi  the  protoplasmic  ele- 
ments of  living  organisms  could  have  become  established,  and  sub- 
sequently developed  in  succeeding  generations,  in  the  constantly 
changing  environment  (climatic  and  otherwise)  to  which  these  oi^gan- 
isms  must  have  been  exposed.  It  certainly  seems  necessary,  that  the 
modes  of  energy  which,  by  their  action  on  the  living  elements  of 
protoplasm  had  caused  its  molecular  modifications,  should  have  con- 
tinued to  act  on  these  elements  for  consideraUe  periods  of  time,  in 
order  that  these  beneficial  variations  should  be  established  and 
become  hereditaiy.  This  objection,  if  valid,  would  seem  seriously 
to  affect  the  soundness  of  the  foundations  on  ^^ch  the  theory  of 
natiural  selection  rests.  This  di£Biculty,  however,  is  one  capable  of 
being  satisfactorily  met;  for  there  is  good  reason  to  suppose  that,  in 
spite  of  the  adverse  influences  to  which  primitive  oi^anisms  must 
have  been  subjected,  certain  of  the  forces  acting  upon  their  living 
protoplasm  have  been  continuously  in  operation;  such,  for  instance, 
as  that  form  of  enei^  we  call  light,  which  we  may  suppose  by  its 
constant  action  on  these  elements  gradually  changed  their  molecular 
structures,  and  adapted  them  to  its  own  specific  mode  of  action. 

To  illustrate  our  meaning  we  may  take,  as  an  example,  the  develop- 
ment of  structures  such  as  those  which  enter  into  the  formation 
of  the  eyes  of  two  different  classes  of  animals,  viz,  moUusks  and 
vertebrates. 

It  seems  probable  that  these  structiues  were  derived  from  a  com- 
mon ancestral  stock,  for  they  both  consist  of  similar  tissues  adapted  to 
concentrate  a  definite  mode  of  energy  on  a  specialized  form  of  nervous 
elements,  which,  in  conjimction  with  work  performed  by  corre- 
sponding cerebral  matter,  gives  rise  to  visual  sensations.  There  is, 
however,  a  difference  in  the  arrangement  of  the  internal  structures 
of  the  eyes  of  moUusks  and  vertebrates,  especially  in  those  tissues 
which  are  concerned  in  the  adjustment  of  the  focus  of  the  eyes  to 
near  and  distant  objects,  and  also  in  its  nervous  apparatus.  The 
^question  is:  How  are  we  to  accoimt  for  these  differences,  supposing 
the  eyes  of  these  creatures  to  have  been  evolved  from  a  common 
ancestral  stock  t 

It  seems  unlikely  that  the  delicate  tissues  entering  into  the  for- 
mation of  the  eyes  of  vertebrates  and  mollusks  have  been  built  up  on 
similar  lines  by  the  play  of  chance  variations  in  their  protoplasmic 
elements,  produced  in  response  to  the  action  of  a  constantly  varying 
environment.  Even  supposing  slight  identical  beneficial  changes 
in  the  living  matter  of  these  structures  had  thus  been  effected,  this 
action  must  have  been  persistent,  otherwise  these  molecular  changes 
would  soon  have  become  obliterated;  but,  as  above  stated,  it  would 
be  different  supposing  light  acted  continuously  and  directly  on  the 
protoplasmic  elements,  so  as  to  change  its  molecular  structure  and 


Digitized  by  CjOOQ  IC 


OBOANIG  EVOLUTION — MACNAMARA.  371 

to  adapt  it  to  its  own  specific  mode  of  action.  The  resemblance  of 
the  tissues  of  the  eyes  of  vertebrates  and  moUusks  would  thus  be 
referable  to  an  identical  force  or  cause.  The  more  and  more  complex 
eyes  of  vertebrates  would  be  something  like  the  deeper  and  deeper 
impression  of  light  on  a  substance,  which,  being  organized,  possesses 
a  special  aptitude  for  receiving  it.* 

In  many  unicellular  and  some  invertebrate  beings,  red  spots  of 
coloring  matter  may  be  seen  on  their  outer  surface.  These  are  known 
as  ''eye-spots,"  for  in  some  of  them  lens-like  structures  exist  which 
are  analogous  to  those  of  the  eyes  of  the  higher  orders  of  animals. 
There  is  reason  to  suppose  that  by  the  action  of  light  on  the  substance 
forming  these  eye-spots,  organisms  possessing  these  structures  are 
enabled  to  distinguish  light  from  darkness.  Animals  having  more 
highly  developed  eye  spots  seem  to  be  sensitive  to  alterations 
in  the  intensity  of  light;  their  rudimentary  oi^ans  of  vision  may 
therefore,  in  a  vague  way,  assist  these  organisms  to  guide  the  move- 
ments of  their  bodies.' 

There  must  have  been  veiy  many  stages  in  the  evolution  of  eye- 
spots  into  structures  such  as  those  which  constitute  the  eyes  of 
mollusks  and  vertebrates,  and  some  of  these  stages  may  be  traced 
from  one  to  another  through  the  ascending  order  of  beings.  Each 
sti^e  consisting  in  the  purposive  adaptation  of  the  structyres  entering 
into  the  formation  of  the  eye  to  the  requirements  of  each  order  of  indi- 
viduals. Beyond  this  natural  selection  is  no  longer  operative,  because 
a  further  specialization  of  structures  entering  into  the  construction 
of  the  organ  of  vision  would  not  assist  this  particular  order  of  beings 
in  their  struggle  for  existence.  It  would,  for  instance,  be  of  no  advan- 
tage to  a  scallop,  as  it  is  to  himian  beings,  to  possess  a  complex 
arrangement  of  structure  adapted  to  instantaneously  focus  its  eyes  on 
near  and  distant  objects.' 

So  far  as  om*  knowledge  extends  regarding  existing  orders  and 
species  of  animals,  we  do  not  find  any  indications  of  sudden  changes 
taking  place  in  the  structures  entering  into  the  construction  of  their 
organs  of  vision.  On  the  other  hand,  we  can  account  for  their 
undoubted  progressive  development  by  supposing  their  eyes  to  have 
been  evolved  by  the  continued  action  of  light  on  living  matter,  which 
imder  the  operation  of  the  laws  of  natural  selection  has  gradually 
been  molded  into  a  form  adapted  to  respond  to  this  mode  of  energy. 
lit  other  words,  the  action  of  light  on  the  living  purposive  elements  of 

1  Creative  Evolution,  by  H.  Bergson,  p.  73.  It  is  as  Prof.  Crampton  remarks  (Doctrine  of  Evolution, 
p.  31)  that  organisms  are  in  a  true  sense  oompUcated  chemical  mechanisms  adapted  to  meet  the  conditions 
onder  which  they  most  operate. 

s  The  mdimentary  eyes  of  these  lower  kinds  of  beings  have  been  developed  ttom  the  living  protoplasm 
of  the  outer  layers  of  their  body  (somatic)  odls  by  chemico-physical  action,  the  color  prodacing  enzymes 
of  thls^ieoiaUxed  form  of  matter  being  stimulated  and  brought  Into  action  by  energy  derived  from  sun- 
U^t. 

*  The  Evolution  of  Living  Purposive  Matter,  by  N.  C.  Macnamara,  p.  32. 
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a  differentiated  form  of  protoplasm  has  gradually  produced  changes 
in  the  structund  arrangement  of  its  molecules,  wfaerel^  they  have 
effectively  responded  to  the  exigencies  of  their  enyironment.  Struc- 
tural changes  thus  effected  haye  a  tendency  to  become  hereditary 
qualities.  To  this  extent  light  may  be  said  to  haye  eyolyed  the 
structures  which  enter  into  the  formation  of  the  eyes  of  the  various 
classes  of  animals.  Herbert  Spencer,  when  referring  to  molecular 
changes  of  the  kind  to  which  we  have  referred,  states  that  there  go 
on  in  all  oi^anisms  certain  changes  of  structure  and  functions  that 
are  directly  consequent  on  changes  in  the  incident  forces,  inner 
changes  by  which  outer  changes  are  balanced,  and  the  equilibrium 
restored — ^rearrangements  which  produce  an  exactly  counterbahmc- 
ing  force.^  But  the  result,  though  as  a  rule  progressive  under  the 
laws  of  nat\u*al  selection,  is  not  always  so,  as  for  instance  in  the  case 
of  internal  parasites  ^duch  lack  even  a  digestive  tract,  because  a 
stomach  is  unnecessary  in  an  animal  which  lives  bathed  in  the 
nutrient  fluids  of  its  host. 

The  other  hypothesb  which  we  mentioned  as,  at  present,  engaging 
the  attention  of  biologists  to  enable  them  to  explain  Ihe  origin  of 
new  species  of  animals  and  plants,  is  the  theory  which  has  been 
advocated  by  the  well-known  Dutch  botanist.  Prof.  Hugo  de  Vries. 

De  Vries,  ip  the  preface  to  his  work  ''Species  and  Varieties,  their 
Origin  by  Mutation,"  observes  that  the  current  belief  assumes  that 
species  are  slowly  changed  into  new  types.  In  contradiction  to  this 
conception,  the  theory  of  mutation  assumes  that  new  species  and  vari- 
eties are  produced  from  existing  forms  by  sudden  leaps.  The  parent 
type  itsdtf  remains  unchanged  throughout  this  process,  and  may 
repeatedly  give  birth  to  new  forms.  These  may  arise  simultaneously, 
and  in  groups,  or  separately  at  more  or  less  widely  distant  periods. 

De  Vries  lays  stress  on  the  difference  between  slight  structural 
changes  in  plants,  and  mutations;  the  former  he  holds  are  subject  to 
fluctuations  and  occur  continually  from  one  to  other  generations. 
Mutations,  on  the  other  hand,  are  rare  and  occur  intermittently; 
they  do  not  show  any  ascending  law  of  frequency.  Fluctuations  do 
not  lead  to  a  permanent  change  in  the  increase  of  the  species  unless 
there  be  very  rigorous  selection,  and  even  then,  if  the  selection  be 
slackened,  there  is  regression  to  the  old  mean;  mutations  lead  per 
saltum  to  a  new  specific  position,  and  there  is  no  r^ression  to  the 
old  mean.  De  Vries  maintains  that  fluctuations  do  not  yield  any- 
thing really  new,  they  imply  a  little  more  or  less  of  characters  already 
present;  mutations  are  novelties,  they  imply  some  new  pattern, 
some  new  position  of  organic  equilibrium.  De  Vries  holds  that  no  new 
species  can  be  established  without  mutation.    ' '  When  a  mutation  has 

1  Principles  of  Biology,  by  H.  Spencer,  vol.  1,  pp.  434, 442. 
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occurred  a  new  species  is  already  in  existence,  and  will  remain  in 
existence  unless  all  the  progeny  of  the  mutation  are  destroyed." 
According  to  De  Vries,  therefore,  species  originate  by  mutation 
instead  of  by  continuous  selection.  He  adds:  "Natural  selection 
may  explain  the  survival  of  the  fittest,  but  it  can  not  explain  the 
arrival  of  the  fittest."* 

It  is  clear  that  De  Vries's  hypothesis  of  evolution  of  species  by 
mutation,  if  established,  would  mean  a  profound  change  in  the 
ideas  received  from  Darwin.  The  survival  of  the  fittest  among  a 
crowd  of  fresh  elementary  species  or  subspecies  ready-made  by 
mutation  is  a  different  conception  from  that  of  the  progressive 
building  up  of  the  fittest  types,  by  the  improvement  through  selec- 
tion of  existing  characters  and  quaUties,  and  the  gradual  addition  of 
a  unit  here  and  a  unit  there  to  a  complex  structure  of  species.' 

Darwin,  as  far  back  as  the  year  1859,  stated  that  it  was  the  fine- 
ness of  gradation  in  the  shells  of  substages  of  the  chalk  formations, 
which  led  him  to  maintain  the  gradual,  as  against  the  sudden  evolu- 
tion of  species. 

The  evidence  upon  which  De  Vries  foimds  his  hypothesis  as  to 
the  sudden  production  of  new  species  from  existing  types — that  is, 
by  mutations — ^is  largely  derived  from  his  own  observation  of  changes 
which  took  place  in  specimens  of  plants  of  the  evening  primrose  ((Eruh 
thera  lamarchiana)  he  found  growing  in  the  sandy  soil  of  a  field  at 
Hilversum.  De  Vries  took  seeds  from  two  species  of  these  wild 
plants  and  sowed  them  in  a  well-manured  garden  in  Amsterdam. 
Seeds  collected  from  these  cultivated  plants  produced,  according  to 
De  Vries,  seven  constant  elementary  species  of  the  evening  primrose; 
but  these  species  differed  so  slightly  from  one  another  and  from  the 
parent  stock,  that  we  should  rather  refer  them  to  varieties  than  as 
constituting  distinct  species.  Varieties  of  this  kind  might  be  ac- 
counted for  by  a  change  of  environment,  the  plants  having  origi- 
nally grown  in  a  sandy  soil  and  been  transferred  to  a  well-manured 
garden.  De  Vries,  however,  attributes  the  changes  observed  in 
these  plants  to  the  latent  quaUties  possessed  by  the  parent  stock. 
He  assumes  that  the  characters  of  organisms  are  made  up  of  ele- 
ments that  are  sharply  separated  from  each  other,  and  that  at 
certain  periods  these  elements  become  impressed  by  an  impulsive 
mutability.  It  was  at  one  of  these  periods  De  Vries  supposes  he 
chanced  to  secure  his  evening  primrose,  hence  the  chang^ul  state 
of  the  plant  and  its  production  of  seven  elementary  species  within  a 
short  time. 

1  Heredity,  by  J.  Arthur  Thomson,  M.  A.,  regios  professor  of  natural  history  In  the  University  of  Aber- 
deen, pp.  00, 08. 
>  The  Qnarteily  Review,  July,  1009,  p.  26.    E.  B.  Poulton,  Darwin  and  his  Modem  Critics. 
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The  history  of  the  Maltese  family  of  Kelleia  is  often  referred  to 
as  an  example  of  mutative  changes  in  the  case  of  human  beings. 
The  father  and  mother  of  this  family  had  the  ordinary  number  of 
toes  and  fingers,  but  their  eldest  son  possessed  six  fingers  on  each 
hand  and  six  toes  on  each  foot.  This  child,  Gratio,  subsequently 
married  and  had  children,  several  of  them  having  six  fingers  and 
toes.  This  malformation  was  absent  in  the  following  generation, 
but  reappeared  in  the  succeeding  family;  it  then  seemed  to  have 
died  out.  Another  remarkable  instance  of  this  kind  is  that  of  the 
flock  of  Massachusetts  Ancon  sheep.  The  deformity  which  charac- 
terized these  sheep,  however,  disappeared  in  the  course  of  a  few 
years,  it  is  said  in  consequence  of  the  introduction  of  the  Merino 
sheep  into  the  United  States.  In  both  these  cases  of  the  sudden 
development  of  monstrosities  it  can  not  be  said  that  new  species, 
but  only  varieties,  had  suddenly  come  into  being.  Our  kno^dedge, 
however,  concerning  the  evolution  of  the  simpler  into  complex 
orders  of  plants,  Uke  that  of  animals,  must  to  a  large  extent  be 
guided  by  information  we  derive  from  the  study  of  their  fossil  re- 
mains— a  branch  of  science  which  has  only  been  taken  seriously  in 
hand  within  the  last  few  years.  Palaeobotanists  of  repute,  such  as 
MM.  Barrois,  Bertrand,  and  Cayeux,  are  of  opinion  that  in  the 
earliest  sedimentary  or  pre-Cambrian  formations  they  have  obtained 
evidence  of  the  existence  of  rudimentary  animals  and  plants,  in  the 
sha]>e  of  protophytes  and  protozoans.^  However  this  may  be,  we 
know  that  numerous  species  of  diatoms,  seaweeds,  and  fungi  exist 
in  a  fossil  state  in  the  coal  measures  of  EIngland  and  other  parts 
of  the  world,  and  that  the  structure  of  these  beings  resembled  thoso 
now  flourishing.  The  higher  plants,  however,  on  which  these  fungi 
fed  ''have  changed  profoundly  since''  the  coal-measure  epoch, 
''stimulated  by  evei^changing  surroundings."  •  All  the  plants 
which  existed  during  the  Carboniferous  period  have  become  extinct; 
they  were  flowerless  and  otherwise  differed  from  those  of  the  present 
day;  but  this  difference  was  in  outward  form,  or  the  grouping  of 
their  cells,  rather  than  in  the  functions  performed  by  their  vascular, 
respiratory,  and  other  structures.  Thus  we  find  in  fossil  plants  of 
our  coal  measures  a  layer  of  chlorophyll  bearing  cells  situated 
beneath  their  epidermis,  indicating  the  existence  of  a  starch-forming 
system,  worked  by  energy  derived  from  sunlight.  In  each  succeed- 
ing geological  period  the  main  types  of  vegetation  changed,  and 
each  succeeding  change  advanced  a  step  toward  the  types  of  the 
existing  flora.*  It  was  not,  however,  until  we  arrive  at  the  Creta- 
ceous epoch  that  the  existence  of  fossil  flowering  plants  appear. 

1  Annual  Report  of  the  Smithsonian  Institution  for  the  year  1903,  p.  512. 
s  Ancient  Plants,  by  M.  C.  Stopes,  D.  8c.,  p.  166. 
*  Idtm,'p.  40. 
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The  advent  of  these  plants  in  the  flora  of  this  period,  according  to 
existing  fossils,  appears  somewhat  sudden,  so  much  so  that  palaeo- 
botanists  have  been  disposed  to  think  that  this  epoch  indicates  the 
existence  of  a  mutative  period  in  plant  life.  In  fact,  that  during 
the  time  the  chalk  rocks  were  forming  that  plants  suddenly  all 
over  the  worid  produced  species  differing  essentially  from  those 
which  had  preceded  them.  It  is  necessary,  however,  to  take 
into  consideration  the  existence  of  a  group  of  fossil  plants  known 
as  Cycads,  which  were  probably  derived  from  a  common  stock 
and  "which  are  in  close  connection  with  the  ancestors  of 
modem  flowering  plants;  thus  flowering  plants  can  be  linked  on 
to  the  series  that  runs  through  the  Cycads  directly  to  the  primitive 
ferns."*  It  is  only  within  the  last  few  years  that  the  important 
extinct  group  of  plants — Pteridosperms — has  been  recognized. 
Nevertheless,  they  form  the  most  numerous  plants  of  the  Carbon- 
iferous period  and  have  displaced  the  fema  from  the  position  they 
were  hitherto  supposed  to  hold  as  the  dominant  plants  of  the  coal 
measures.  Facts  such  as  these  render  us  cautious  in  accepting  the 
idea  that  the  flowerless  flora  of  the  ancient  world  became  suddenly 
changed  during  the  Cretaceous  epoch  into  flowering  plants.  It  is 
dear  that  the  vascular  and  reproductive  organs  of  the  plants  of 
ancient  geological  periods,  as  they  grew  taller  and  came  to  inhabit 
a  dry  soil,  must,  under  the  laws  of  natural  selection,  have  undergone 
certain  modiflcations.  From  the  microscopical  examination  of  the 
tissues  forming  these  primitive  plants  we  find  that  alterations  in  their 
structure  have  gradually  taken  place,  culminating  in  the  appearance 
of  the  flowering  plants  of  the  Cretaceous  epoch. 

Dr.  M.  C.  Stopes  in  the  concluding  chapter  of  his  excellent  work  on 
"Ancient  Plants"  (p.  178)  states  that  "the  group  of  fossil  plants  do 
not  now  appear  isolated  by  great  unbridged  gaps,  as  they  did  even 
20  years  ago;"  by  means  of  the  fossils  either  direct  connections 
or  probable  links  are  discovered  which  connect  series  and  fami- 
Ues.  We  may  add  that  plants  now  growing  in  the  Nile  Valley  are 
similar  in  character  to  those  represented  on  the  monuments  of  the 
earliest  Egyptian  dynasties.  In  the  stable  climate  and  conditions  of 
the  Nile  Valley  these  plants  for  thousands  of  years  have  retained 
their  character;  but  if  removed  to  a  different  soil  and  climate  such  as 
that  of  England,  in  the  course  of  a  few  generations  they  become 
variable  and  thus  undergo  marked  modifications.  We  hold  this 
result  to  be  attributable  to  the  response  of  their  living  protoplasm  to 
the  action  of  changes  of  environment,  which  in  the  course  of  time  we 
believe,  under  the  influence  of  natiu-al  selection,  might  possibly  lead 
to  the  production  of  new  varieties,  if  not  actual  species.  The  following 
details  concerning  a  remarkable  series  of  variations  in  certaia  Fox- 

i  Andent  Plants,  by  M.  C.  Stopes,  p.  108. 
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glove  plants  appear  to  afford  us  reliable  evidence  in  favor  of  the  idea; 
that  under  certain  unknown  conditions  the  flowers  of  a  wild  plant 
may  become  suddenly  and  completely  altered  in  character;  and  that 
variations  of  this  description  are  passed  on  from  one  to  succeeding 
generations  by  means  of  the  germ  cells.^ 

From  a  packet  of  Fox-glove  seeds  (Digitalis  purpurea)  sown  in  the 
year  1906, 54  plants  were,  in  June,  1907,  planted  in  a  shrubbery  of  fir 
trees  with  an  imdergrowth  of  laurels.  Of  these  plants,  51  grew  into 
normal  Fox-gloves,  but  the  3  remaining  plants  were  sports,  which 
we  may  distinguish  by  the  letters  A,  B,  and  C. 

A.  In  this  plant  the  flowers  of  the  lower  half  of  the  stem  possessed 
only  a  bifld  upper  petal  and  seven  stamens  united  at  their  bases. 
The  flowers  of  the  upper  part  of  the  spike  were  normal. 

B.  A  fine,  well-grown  plant  4^  feet  high;  throughout  the  whole 
length  of  the  spike  the  flowers  consisted  of  a  bifid  upper  petal,  seven 
stamens,  and  style.  The  upper  part  of  this  spike  was  isolated;  it 
produced  abimdant  self-fertilized  seed. 

C.  The  spike  of  this  plant  grew  to  be  5  feet  hi^;  from  base  to  apex 
its  flowers  consisted  of  nine  stamens  and  a  style,  with  no  vestige  of 
petals. 

It  is  unnecessary  to  follow  the  history  of  plant  A,  as  it  was  only  the 
lower  part  of  the  spike  in  which  the  flowers  were  abnormal,  and  the 
stem  was  not  isolated. 

Seed  taken  from  the  upper  covered  part  of  the  plant  B,  whose 
flowers  consisted  of  a  bifid  petal,  7  stamens,  and  a  style,  germi- 
nated abimdantly;  21  of  these  plants  flowered  in  1909.  Thirteen  of 
these  21  plants  produced  spikes  of  the  parent  type,  and  8  of  the  21 
plants  produced  normal  Fox-glove  flowers.  Obie  of  the  13  plants 
grew  to  be  5  feet  1  inch  high,  its  spike  producing  1  bifid  petal  and  a 
style;  but  its  terminal  flower  consisted  of  22  stamens  and  a  large 
flask-shaped  carpel  (divided  into  7  compartments)  and  style,  but 
having  no  coroUa;  that  is,  it  had  no  petals.  (As  shown  in  photograj^ 
rahibited.) 

The  season  of  1909  was  simless,  with  constant  rain;  consequently, 
all  covered  plants  suffered  much  from  mildew,  but  I  managed  to  col- 
lect some  self-fertilized  seed  from  the  terminal  flower  of  the  plant 
referred  to,  and  this  seed  germinated  and  flowered  in  1911.  Every 
one  of  the  12  plants  I  reared  from  the  seed  of  the  terminal  flower  pro- 
duced flowers  precisely  like  the  parent.  Two  of  these  plants  were 
isolated  and  their  self-fertilized  seed  germinated  freely  (September, 
1911).  ^ 

The  seed  originally  collected  from  the  covered  part  of  plant  C 
of  1907  had  produced  plants  which,  in  1909,  gave  flowers  precisely 

1  N.  0.  Uacnamara,  on  Mutations  in  Fox-glove  Plants.    Lianean  Society  of  London,  Oenerol  Meeting 
Nov.  16, 1911. 
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similar  to  the  parent  plant.  Self-fertilized  seed  from  these  plants 
(1909)  in  1911  produced  plants  exactly  like  those  of  1907 — ^i.  e., 
flowers  having  nine  stamens  and  a  style,  but  no  petals.  Self-ferti- 
lized seed  from  these  plants  are  now  (September,  1911)  germinating 
freely.  Some  of  the  plants,  however,  of  1909,  in  place  of  a  tall 
single  spike,  grew  some  seven  or  eight  shorter  spikes,  each  flower 
of  which  had  nine  stamens  but  no  petals. 

It  seems  that  a  certain  number  of  the  Fox-glove  seeds  sown  in 
the  year  1906  contained  elements  in  a  condition  such  as  that  de- 
scribed by  De  Vries  as  being  "impressed  by  an  impulsive  muta- 
bility," for  some  of  the  flowers  produced  by  these  seeds  were  sports. 
Seeds  from  these  sports  produced  their  like  in  1909;  and,  further, 
these  latter  plants  bore  some  terminal  flowers  totally  different  in 
character  from  the  parent  sport  from  which  they  were  derived. 
Seeds  from  these  terminal  flowers  produced  their  like  in  the  year 
1911,  so  that  I  have  now  two  different  strains  of  Fox-glove  plants 
derived  from  the  seed  sown  in  1906,  and  these*  strains  have  resulted 
from  self-fertilized  flowers — that  is,  from  flowers  carefully  protected 
from  insects  or  other  means  of  cross  fertilization.  It  is,  however, 
doubtful  if  these  varieties  would  have  been  maintained  in  a  state 
of  nature.  While  specific  stability  under  constant  conditions  appears 
to  be  the  rule  in  nature,  it  is  widely  different  in  cultivation.  When 
a  plant  is  brought  under  cultural  conditions  it  maintains  its  type 
for  some  time  unaltered,  then  gives  way  and  becomes  practically 
plastic*  It  is  certain,  therefore,  that  before  we  can  accept  De 
Vries's  hypothesis  of  the  origin  of  species  by  mutation  we  must 
have  further  and  more  conclusive  evidence  on  the  subject  than  that 
which  is  now  available.  On  the  other  hand,  Huxley's  conclusion 
regarding  the  Darwinian  hypothesis  still  holds  good.  He  states 
that  all  species  have  been  produced  by  the  development  of  varieties 
from  common  stocks;  the  conversion  of  these,  first  into  permanent 
races,  and  then  into  new  species,  by  the  process  of  natural  selection, 
which  process  is  essentially  identical  with  that  of  artificial  selection 
by  which  man  has  originated  the  races  of  domestic  animals,  the 
struggle  for  existence  taking  the  place  of  man;  and  exerting,  in  the 
case  of  natural  selection,  that  selective  action  which  he  performs  in 
artificial  selection. 

The  evidence  brought  forward  by  Darwin  in  support  of  his  theory 
is  of  three  kinds.  First,  he  endeavors  to  prove  that  species  may  be 
originated  by  selection;  secondly,  he  attempts  to  show  that  natural 
causes  are  competent  to  exert  selection;  and,  thirdly,  he  tries  to 
prove  that  the  most  remarkable  and  apparently  anomalous  phe- 
nomena exhibited  by  the  distribution,  development,  and  mutual 


1  Nature,  Nov.  28, 1907. 
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relations  of  species  can  be  shown  to  be  deducible  from  the  general 
doctrine  of  their  origin  which  he  propounds,  combined  with  the 
known  facts  of  geological  change;  and  that,  even  if  not  all  these 
phenomena  are  at  present  explicable  by  it,  none  are  necessarily 
inconsistent  with  it;  on  the  other  hand,  since  Huxley's  time  Darwin's 
theory  has  been  strengthened  by  many  new  facts.* 

1  Huxley's  Essays.    Eyeryman's  library,  p.  331.    See  also  The  IntemaUoDal  Sdentlflc  Series,  vols. 
96  and  97.    Kegan  Paul.    London,  190B  and  19ia 
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MAGNAUA  NATURJE:  OR  THE  GREATER  PROBLEMS  OF 

BIOLOGY.! 


By  D'Arcy  Wbntworth  Thompson,  C.  B., 
Professor  of  Natural  History  in  University  College,  Dundee  ( University  of  St,  Andrews), 


The  science  of  zoology,  -all  the  more  the  incorporate  science  of 
biologj;  is  no  simple  affair,  and  from  its  earliest  beginnings  it  has 
been  a  great  and  complex  and  many-sided  thing.  We  can  scarce 
get  a  broader  view  of  it  than  from  Aristotle,  for  no  man  has  ever 
looked  upon  our  science  i^th  a  more  farseeing  and  comprehending 
eye.  Aristotle  was  all  things  that  we  mean  by  "naturalist"  or 
"biologist."  He  was  a  student  of  the  ways  and  doings  of  beast  and 
bird  and  creeping  thing;  he  was  morphologist  and  embryologist;  he 
had  the  keenest  insight  into  physiological  problems,  though  his  age 
lacked  that  knowledge  of  the  physical  sciences  without  which  phys- 
iology can  go  but  a  little  way;  he  was  the  first  and  is  the  greatest 
of  psychologists;  and  in  the  light  of  his  genius  biology  merged  in ^ 
great  philosophy. 

I  do  not  for  a  moment  suppose  that  the  vast  multitude  of  facts 
which  Aristotle  records  were  all,  or  even  mostly,  the  fruit  of  his  own 
immediate  and  independent  observation.  Before  him  were  the 
Hippocratic  and  other  schools  of  physicians  and  anatomists.  Before 
him  there  were  nameless  and  forgotten  Fabres,  Roesels,  R6aumurs, 
and  Hubers,  who  observed  the  habits,  the  diet,  and  the  habitations 
of  the  sand  wasp  or  the  mason  bee;  who  traced  out  the  little  lives 
and  discerned  the  vocal  organs  of  grasshopper  and  cicada;  and  who, 
together  with  generations  of  bee-keeping  peasants,  gathered  up  the 
lore  and  wisdom  of  the  bee.  There  were  fishermen  skilled  in  all  the 
cimning  of  their  eraft,  who  discussed  the  wanderings  of  tunny  and 
mackerel,  swordfish  or  anchovy;  who  argued  over  the  ages,  the 
breeding  places,  and  the  food  of  this  fish  or  that;  who  knew  how  the 
smooth  dogfish  breeds,  two  thousand  years  before  Johannes  Miiller; 
who  saw  how  the  male  pipefish  carries  its  young,  before  Cavolini; 
and  who  had  found  the  nest  of  the  nest-building  rockfishes  before 

>  Presidential  address  deUvered  to  the  cooiogical  eeotton  of  the  Biltlah  Aasodation  Aug.  31,  1011. 
Reprinted  by  permioion  from  author's  printed  copy. 

379 


Digitized  by  CjOOQIC 


380  ANNUAL  KEPORT   SMITHSONIAN   INSTITUTION,   1911. 

Gerbe  rediscovered  it  almost  in  our  own  day.  There  were  curious 
students  of  the  cuttle  fish  (I  sometimes  imagine  thej  may  have  been 
priests  of  that  sea-born  goddess  to  whom  the  creatures  were  sacred) , 
who  had  diagnosed  the  species,  recorded  the  habits,  and  dissected 
the  anatomy  of  the  group,  even  to  the  discovery  of  that  strange  hec- 
tocotylus  arm  that  baffled  Delia  Chiaje,  Cuvier,  and  Eoelliker,  and 
that  V6rany  and  Heinrich  Muller  reexplained. 

Ail  this  varied  learning  Aristotle  gathered  up  and  wove  into  his 
great  web.  But  every  here  and  there,  in  words  that  are  unmistakably 
the  master's  own,  we  hear  him  speak  of  what  are  still  the  great 
problems  and  even  the  hidden  mysteries  of  our  science;  of  such 
things  as  the  nature  of  variation,  of  the  stru^jgle  for  existence,  of 
specific  and  generic  differentiation  of  form,  of  the  origin  of  the  tis- 
sues, the  problems  of  heredity,  the  mystery  of  sex,  of  the  phenomena 
of  reproduction'  and  growth,  the  characteristics  of  habit,  instinct, 
and  intelligence,  and  of  the  very  meaning  of  life  itself.  Amid  all  the 
maze  of  concrete  facts  that  century  after  century  keeps  adding  to 
our  store,  these,  and  such  as  these,  remain  the  great  mysteries  of 
natural  science — the  magnalia  natursD,  to  borrow  a  great  word  from 
Bacon,  who  in  Us  turn  had  borrowed  it  from  St.  Paul. 

Not  that  these  are  the  only  great  problems  for  the  biologist,  nor 
that  there  is  but  a  single  class  of  great  problems  in  biology,  for 
Bacon  himself  speaks  of  the  magnalia  natursD,  quoad  usus  humanos, 
the  study  of  which  has  for  its  objects  "  the  prolongation  of  life  or  the 
retardation  of  age,  the  curing  of  diseases  counted  incurable,  the 
mitigation  of  pain,  the  making  of  new  species  and  transplanting  of 
one  species  into  another,''  and  so  on  through  many  more.  Assuredly, 
I  have  no  need  to  remind  you  that  a  great  feature  of  this  generation 
of  ours  has  been  the  way  in  which  biology  has  been  justified  of  her 
children  in  the  work  of  those  who  have  studied  the  magnalia  naturae, 
quoad  usus  humanos. 

But  so  far  are  biologists  from  being  nowadays  engrossed  in  practical 
questions,  in  applied  and  technical  zoology,  to  the  neglect  of  its  more 
recondite  problems,  that  there  never  was  a  time  when  men  thought 
more  deeply  or  labored  with  greater  zeal  over  the  fundamental  phe- 
nomena of  living  things ;  never  a  time  when  they  reflected  in  a  broader 
spirit  over  such  questions  as  purposive  adaptation,  the  harmonious 
working  of  the  fabric  of  the  body  in  relation  to  environment,  and  the 
interplay  of  all  the  creatures  that  people  the  earth;  over  the  problems 
of  heredity  and  variation;  over  the  mysteries  of  sex  and  the  phe- 
nomena of  generation  and  reproduction,  by  which  phenomena,  as  the 
wise  woman  told,  or  reminded,  Socrates,  and  as  Harvey  said  again  (and 
for  that  matter,  as  Coleridge  said,  and  Weismann,  but  not  quite  so 
well) — ^by  which,  as  the  wise  old  woman  said,  we  gain  our  glimpse  of 
insight  into  eternity  and  immortality.     These,  then,  together  with 
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the  problem  of  the  origin  of  species,  are  indeed  magnalia  natursD; 
and  I  take  it  that  inquiry  into  these,  deep  and*  wide  research  specially 
directed  to  the  solution  of  these,  is  characteristic  of  the  spirit  of  our 
time  and  is  the  password  of  the  yoimger  generation  of  biologists. 

Interwoven  with  this  high  aim  which  is  manifested  in  the  biological 
work  of  recent  years  is  another  tendency.  It  is  the  desire  to  bring 
to  bear  upon  our  science,  in  greater  measure  than  before,  the  methods 
and  results  of  the  other  sciences,  both  those  that  in  the  hierarchy  of 
knowledge  are  set  above  and  below  and  those  that  rank  alongside 
of  our  own. 

Before  the  great  problems  of  which  I  have  spoken  the  cleft  be- 
tween zoology  and  botany  fades  away,  for  the  same  problems  are 
common  to  the  twin  sciences.  When  the  zoologist  becomes  a  student 
not  of  the  dead  but  of  the  living,  of  the  vital  processes  of  the  cell 
rather  than  of  the  dry  bones  of  the  body,  he  becomes  once  more  a 
physiologist,  and  the  gulf  between  these  two  disciplines  disappears. 
When  he  becomes  a  physiologist,  he  becomes,  ipso  facto,  a  student  of 
chemistry  and  of  physics.  Even  mathematics  has  been  pressed  into 
the  service  of  the  biologist,  and  the  calculus  of  probabilities  is  not 
the  only  branch  of  mathematics  to  which  he  may  usefully  appeal. 

The  physiologist  has  long  had  as  his  distinguishing  characteristic, 
giving  his  craft  a  rank  superior  to  the  sister  branch  of  morphology, 
the  fact  that  in  his  great  field  of  work  and  in  all  the  routine  of  Ids 
experimental  research,  the  methods  of  the  phjrsicist  and  the  chemist, 
the  lessons  of  the  anatomist,  and  the  experience  of  the  physician,  are 
inextricably  blended  in  one  common  central  field  of  investigation 
and  thought.  But  it  is  much  more  recently  that  the  morphologist  and 
embryologist  have  made  use  of  the  method  of  experiment  and  of  the 
aid  of  the  physical  and  chemical  sciences — even  of  the  teachings  of 
philosophy — all  in  order  to  probe  into  properties  of  the  living  organism 
that  men  were  wont  to  take  for  granted  or  to  regard  as  beyond  their 
reach  under  a  narrower  interpretation  of  the  business  of  the  biologist. 
Driesch  and  Loeb  and  Roux  are  three  among  many  men  who  have 
become  eminent  in  this  way  in  recent  years,  and  their  work  we  may 
take  as  typical  of  methods  and  aims  such  as  those  of  which  I  speak. 
Driesch,  both  by  careful  experiment  and  by  philosophic  iosight; 
Loeb,  by  his  conception  of  the  dynamics  of  the  cell  and  by  his  mar- 
velous demonstrations  of  chemical  and  mechanical  fertilization; 
Roux,  with  his  theory  of  autodetermination  and  by  the  labors  of  the 
school  of  Entwickelimgsmechanik  which  he  has  founded,  have  all  in 
various  ways,  and  from  more  or  less  different  points  of  view,  helped 
to  reconstruct  and  readjust  our  ideas  of  the  relations  of  embryologital 
processes,  and  hence  of  the  phenomenon  of  life  itself,  on  the  one 
hand,  to  physical  causes  (whether  external  to  or  latent  in  the  mecha- 
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nism  of  the  cell);  or,  on  the  other,  to  the  ancient  conception  of  a  vital 
element,  alien  to  the  province  of  the  physicist. 

No  small  number  of  theories  or  hypotheses,  that  seemed  for  a  time 
to  have  been  established  on  ground  as  firm  as  that  on  which  we  tread, 
have  been  reopened  in  our  day.  The  adequacy  of  natural  selection 
to  explain  the  whole  of  organic  evolution  has  been  assailed  on  many 
sides;  the  old  fundamental  subject  of  embryological  debate  between 
the  evolutionists  or  preformationists  (of  the  school  of  Malpighi,  HaUer, 
and  Bonnet)  and  the  advocates  of  epigenesis  (the  followers  of  Aris- 
totle, of  Harvey,  of  Caspar  Fr.  Wolff,  and  of  Von  Baer)  is  now 
discussed  again,  in  altered  language,  but  as  a  pressing  question  of  the 
hdur;  the  very  foundations  of  the  cell  theory  have  been  scrutinized, 
to  decide,  for  instance,  whetheir  the  segmented  ovum,  or  even  the 
complete  organism,  be  a  colony  of  quasi  independent  cells  or  a  living 
unit  in  which  cell  differentiation  is  Uttle  more  than  a  superfidal 
phenomenon;  the  whole  meaning,  bearing;  and  philosophy  of  evolu- 
tion has  been  discussed  by  Bergson,  on  a  plane  to  which  neither 
Darwin  nor  Spencer  ever  attained;  and  the  hypothesis  of  a  vital 
principle,  or  vital  element,  that  had  lain  in  the  backgroimd  for  near 
a  hundred  years,  has  come  into  men's  mouths  as  a  very  real  and  urgent 
question,  the  greatest  question  for  the  biologist  of  all. 

In  all  ages  the  mystery  of  organic  form,  the  mystery  of  growth 
and  reproduction,  the  mystery  of  thought  and  consciousness,  the 
whole  mystery  of  the  complex  phenomena  of  life,  have  seemed  to  the 
vast  majority  of  men  to  call  for  description  and  explanation  in  terms 
aUen  to  the  language  which  we  apply  to  inanimate  things;  though  at 
all  times  there  have  been  a  few  who  sought,  with  the  materialism  of 
Democritus,  Lucretius,  or  Giordano  Bruno,  to  attribute  most,  or  even 
all,  of  these  phenomena  to  the  category  of  physical  causation. 

For  the  first  scientific  exposition  of  vitalism  we  must  go  back  to 
Aristotle,  and  to  his  doctrine  of  the  three  parts  of  the  tripartite  soul; 
according  to  which  doctrine,  in  Milton's  language,  created  things  ''by 
gradual  diange  sublimed,  to  vital  spirits  aspire,  to  animal,  to  intel- 
lectual." The  first  and  lowest  of  these  three,  the  ^2^  4  Opsjcxcid^, 
by  whose  agency  nutrition  is  effected,  is  i)  npdjni  (pux^,  the  insepa- 
rable concomitant  of  life  itself.  It  is  inherent  in  the  plant  as  well  as 
in  the  animal,  and  in  the  Linnssan  aphorism,  vegetabilia  crescimt  et 
vivunt,  its  existence  is  admitted  in  a  word.  Under  other  aspects  it 
is  all  but  identical  with  the  (pux^  ad^tiu/dj  and  ^ei^jrac^,  the  soul  of 
growth  and  of  reproduction;  and  in  this  composite  sense  it  is  no  other 
than  Driesch's  *'Entelechy,"  the  hypothetic  natural  agency  that  pre- 
sides over  the  form  and  formation  of  the  body.  Just  as  Driesch's 
psychoid  or  psychoids,  which  are  the  basis  of  instinctive  phenomena, 
of  sensation,  instinct,  thought,  reason,  and  all  that  directs  that  body 
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wMch  entelechy  has  formed,  are  no  other  than  the  aiaOijTCK/),  whereby 
anJTnalia  viyimt  et  sentinnt,  and  the  deoawivetc^,  to  which  Aristotle 
ascribes  the  reasoning  faculty  of  man.  Save  only  that  Driesch,  like 
Darwin,  would  deny  the  restriction  of  vouc,  or  reasoning,  to  man  aJone, 
and  would  extend  it  to  animals,  it  is  clear,  and  Driesch  himself  admits,^ 
that  he  accepts  both  the  vitalism  and  the  analysis  of  vitahsm  laid 
down  by  Aristotle. 

The  m^jMi  of  Galen,  the  vis  plastica,  the  vis  vitae  f ormatrix,  of  the 
older  physiologists,  the  Bildimgstrieb  of  Blumenbach,  the  Lebenskraf  t 
of  Paxacelsus,  Stahl,  and  Treviranus,  "shaping  the  physical  forces  of 
the  body  to  its  own  ends,"  ''dreaming  dimly  in  the  grain  of  the  prom- 
ise of  the  full  com  in  the  ear"*  (to  borrow  the  rendering  of  an  Oxford 
scholar),  these  and  many  more,  like  Driesch's  ''Entelechy" of  to-day, 
are  all  conceptions  imder  which  successive  generations  strive  to  depict 
the  something  that  separates  the  earthy  from  the  Uving,  the  Uving 
from  the  dead.  And  John  Hunter  described  his  conception  of  it  in 
words  not  very  different  from  Driesch's,  when  he  said  that  his  principle, 
or  agent,  was  independent  of  organization,  which  yet  it  animates, 
sustains,  and  repairs ;  it  was  the  same  as  Johannes  MtUler 's  conception 
of  an  iimate  "unconscious  idea." 

Even  in  the  Middle  Ages,  long  before  Descartes,  we  can  trace,  if  we 
interpret  the  language  and  the  spirit  of  the  time,  an  antithesis  that, 
if  not  identical,  is  at  least  parallel  to  our  alternative  between  vitalistic 
and  raechanical  hypotheses.  For  instance.  Father  Harper  tells  us 
that  Suarez  maintained  that  in  generation  and  development  a  divine 
interference  is  postulated,  by  reason  of  the  perfection  of  Uving  beings; 
in  opposition  to  St.  Thomas,  who  (while  invariably  making  an  excep- 
tion in  the  case  of  the  human  soxil)  urged  that,  since  the  existence  of 
bodily  and  natural  forms  consists  solely  in  their  union  with  matter, 
the  ordinary  agencies  which  operate  on  matter  sufficiently  account 
for  them.' 

But  in  the  history  of  modem  science,  or  of  modem  physiology,  it 
is,  of  coiu^e,  to  Descartes  that  we  trace  the  origin  of  our  mechanical 
hypotheses — ^to  Descartes,  who,  imitating  Archimedes,  said:  "Give 
me  matter  and  motion  and  I  will  construct  the  universe."  In  fact, 
leaving  the  more  shadowy  past  alone,  we  may  say  that  it  is  since 
Descartes  watched  the  fountains  in  the  garden  and  saw  the  Ukeness 

1  Sdenoe  and  Pbllosophy  of  the  Oiganlsm  (Oiflord  Lectures),  il.  p.  83, 1008. 

s  at  JenUiuoo  (Art.  ''Vitalism"  in  Hibbert  Journal,  April,  1011),  who  has  given  me  the  following  quota, 
tion:  "Das  Weltsenkom  hat  allerdlngs  Bewnastsein  dessen  wasinlhmlst  ondaosihm  werdenkann»und 
tradmt  wlrklich  davon.  Sein  Bewnsstsein  and  seine  Tiaflme  mCgen  dunkel  genug  sein";  Treviranus, 
Erecheliiizngen  and  Oesetse  des  oiganischen  Lebens,  183L 

•  ''Corn  fmnarum  natarallam  et  corporalium  esse  non  oonststat  nisi  In  unione  ad  materiam,  ejusdam 
agentis  ease  Tidetureasprodacere,c^)us  est  materiamtransmutare.  Secundo,  quia  cam  hujusmodl  forms 
non  excedant  vlrtatem  et  ordinem  et  facultatem  prindplomm  agentium  in  natura,  nulla  videtur  neoeasitas 
eoromorlglneminprindpiaredaoerealtloro."  Aquinas,  De  Pot.  Q.,  ill.  a  XL  Ct  Harper,  Metaphysios  of 
tile  School,  lit  1.  p.  1» 
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between  their  machinery  of  pumps  and  pipes  and  reservoirs  to  the 
organs  of  the  circulation  of  the  blood,  and  since  Vaucanson's  mar- 
Ycdous  automata  lent  plausibiUty  to  the  idea  of  a  ''Uying  automaton/' 
it  is  since  then  that  men's  minds  have  been  perpetually  swayed  by 
one  or  other  of  the  two  conflicting  tendencies,  either  to  seek  an  expla- 
nation of  the  phenomena  of  living  things  in  physical  and  mechanical 
considerations,  or  to  attribute  them  to  unknown  and  mysterious 
causes  alien  to  physics  and  peculiarly  concomitant  with  life.  And 
some  men's  temperaments,  training,  and  even  avocations,  render 
them  more  prone  to  the  one  side  of  this  unending  oontroversy,  as  the 
minds  of  other  men  are  naturally  more  open  to  the  other.  As  Ktkhne 
said  a  few  years  ago  at  Cambridge,  the  physiologists  have  been  found 
for  several  generations  leaning,  on  the  whole,  to  the  medianical  or 
physico-chemical  hypothesis,  while  the  zoologists  have  been  very 
generally  on  the  side  of  the  vitalists. 

The  very  fact  that  the  physiologists  were  trained  in  ihb  school  of 
physics,  and  the  fact  that  the  zoologists  and  botanists  relied  for  so 
many  years  upon  the  vague,  imdefined  force  of  '^heredity"  as  suffi- 
ciently accounting  for  the  development  of  the  organism,  an  intrinsic 
force  whose  results  could  be  studied  but  whose  nature  seemed  remote 
from  possible  analysis  or  explanation,  these  facts  alone  go  far  to 
illustrate  and  to  justify  what  KOhne  said. 

Claude  Bernard  hdd  that  mechanical,  physical,  and  chemical 
forces  summed  up  all  with  whidi  the  physiologist  has  to  deal.  Ver- 
wom  defined  physiology  as  'Hhe  chemistry  of  the  proteids";  and  I 
think  that  another  physiologist  (but  I  forget  who)  has  declared  that 
the  mystery  of  life  lay  hidden  in  *'the  chemistiy  of  the  enzymes." 
But  of  late,  as  Dr.  Haldane  showed  in  an  address  a  couple  of  years  ago, 
it  is  among  the  physiologists  themselves,  together  with  the  embryolo- 
gists,  that  we  find  the  strongest  indications  of  a  desire  to  pass  beyond 
the  horizon  of  Descartes,  and  to  avow  that  physical  and  chemical 
methods,  the  methods  of  Helmholtz,  Ludwig,  and  Claude  Bernard, 
fall  short  of  solving  the  secrets  of  physiology.  On  the  other  hand, 
in  zoology,  resort  to  the  method  of  experiment,  the  discovery,  for 
instance,  of  the  wonderful  effects  of  chemical  or  even  mechanical 
stimulation  in  starting  the  development  of  the  egg,  and  again  the 
ceaseless  search  into  the  minute  structure,  or  so-called  mechanism,  of 
the  cell,  these  I  think  have  rather  tended  to  sway  a  certain  number  of 
zoologists  in  the  direction  of  the  mechanical  hypothesis. 

But  on  the  whole,  I  think  it  is  very  manifest  that  there  is  abroad 
on  all  sides  a  greater  spirit  of  hesitation  and  caution  than  of  old, 
and  that  the  lessons  of  the  philosopher  have  had  their  influence  on 
our  minds.  We  realize  that  the  problem  of  development  is  far  harder 
than  we  had  begun  to  let  ourselves  suppose;  that  the  problems  of 
organogeny  and  phylogeny  (as  well  as  those  of  physiology)  are  not 
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oomparatiyely  simple  and  well-nigh  solved,  but  are  of  the  most 
formidable  complexity.  And  we  would,  most  of  us,  confess,  with 
the  learned  author  of  The  Cell  in  Development  and  Inheritance,  that 
we  are  utterly  ignorant  of  the  manner  in  which  the  substance  of  the 
germ  cell  can  so  respond  to  the  influence  of  the  environment  as  to 
call  forth  an  adaptive  variation;  and  again,  that  the  gidf  between 
the  lowest  forms  of  life  and  the  inorganic  world  is  as  wide,  if  not  wider, 
than  it  seemed  a  couple  of  generations  ago.^ 

While  we  keep  an  open  mind  on  this  question  of  vitalism,  or  while 
we  lean,  as  so  many  of  us  now  do,  or  even  cling  with  a  great  yearning 
to  the  beUef  that  something  other  than  the  physical  forces  animates 
and  sustains  the  dust  of  which  we  are  made,  it  is  rather  the  business 
of  the  philosopher  than  of  the  biologist,  or  of  the  biologist  only  when 
he  has  served  his  hiunble  and  severe  apprenticeship  to  philosophy, 
to  deal  with  the  ultimate  problem.  It  is  the  plain  bounden  duty  of 
the  biologist  to  pursue  his  course,  unprejudiced  by  vitalistic  hypoth- 
eses, along  the  road  of  observation  and  experiment,  according  to 
the  accepted  discipline  of  the  natural  and  physical  sciences;  indeed 
I  might  perhaps  better  say  the  ph3rsical  sciences  alone,  for  it  is  already 
a  breach  of  their  discipline  to  invoke,  until  we  feel  we  absolutely 
must,  that  shadowy  force  of  "heredity,"  to  which,  as  I  have  already 
said,  biologists  have  been  accustomed  to  ascribe  so  much.  In  other 
words,  it  is  an  elementary  scientific  duty,  it  is  a  rule  that  Kant 
himself  laid  down,*  that  we  shoxild  explain,  just  as  far  as  we  possibly 
can,  all  that  is  capable  of  such  explanation,  in  the  light  of  the  prop- 
erties of  matter  and  of  the  forms  of  eneigy  with  which  we  are 
already  acquainted. 

It  is  of  the  essence  of  physiological  science  to  investigate  the  mani- 
festations of  energy  in  the  body,  and  to  refer  them,  for  instance,  to 
the  domains  of  heat,  electricity,  or  chemical  activity.  By  this  means 
a  vast  number  of  phenomena,  of  chemical  and  other  actions  of  the 
body,  have  been  relegated  to  the  domain  of  physical  science,  and 
withdrawn  from  the  mystery  that  still  attends  on  Hfe,  and  by  this 
means,  continued  for  generations,  the  physiologists,  or  certain  of 
them,  now  tell  us  that  we  begin  again  to  descry  the  limitations  of 
physical  inquiry,  and  the  region  where  a  very  different  hypothesis 
insists  on  thrustiQg  itself  in.  But  the  morphologist  has  not  gone 
nearly  so  far  as  the  physiologist  in  the  use  of  physical  methods.  He 
sees  so  great  a  gulf  between  the  crystal  and  the  cell  that  the  very 
fact  of  the  physicist  and  the  mathematician  being  able  to  explain 
the  form  of  the  one,  by  simple  laws  of  spatial  arrangement  where 
molecule  fits  into  molecule,  seems  to  deter,  rather  than  to  attract, 

t  Wfimi,  op.  dt,  1906,  p.  434.  <  In  his  Critiqiie  of  Teleologleal  Judgment. 
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the  biologist  from  attempting  to  explain  oigaoic  forms  hj  mathe- 
matical or  physical  law.  Just  as  the  anbryologiit  used  to  explain 
everything  by  heredity,  so  the  morphologist  is  still  inclined  to  say, 
*^  the  thing  is  alive,  its  form  is  an  attribute  of  itself,  and  the  physical 
forces  do  not  apply."  If  he  does  not  go  so  far  as  this,  he  is  still  apt 
to  take  it  for  granted  that  the  physical  forces  can  only  to  a  small 
and  even  insignificant  extent  blend  with  the  intrinsic  organic  forces 
in  producing  the  resultant  form.  Herein  lies  our  question  in  a  nut- 
shdL  Has  the  morphologist  yet  sufficiently  studied  the  forms, 
external  and  internal,  of  organisms,  in  the  light  of  the  properties  of 
matter,  of  the  eneigies  that  are  associated  with  it,  and  of  the  forces 
by  which  the  actions  of  these  en^gies  may  be  interpreted  and  de- 
scribed f  Has  the  biologist,  in  short,  fully  recognized  that  there  is 
a  borderland  not  only  between  physblogy  and  physics,  but  between 
morphology  and  physics,  and  that  the  physicist  may,  and  must,  be 
his  guide  and  teacher  in  many  matters  regarding  organic  form  t 

Now,  this  is  by  no  means  a  new  subject,  for  such  men  as  Berthold 
and  Errera,  Rhumbler  and  Dreyer,  Btitechli  and  Verwom,  Drieech 
and  Roux  have  slready  dealt  or  deal  with  it.  But,  on  the  whole,  it 
seems  to  me  that  the  subject  has  attracted  too  little  attention,  and 
that  it  is  well  worth  our  while  to  think  of  it  to-day. 

The  first  point,  then,  that  I  wish  to  make  in  this  connection  is 
that  the  form  of  any  portion  of  matter,  whether  it  be  living  or  dead, 
its  form  and  the  changes  of  form  that  are  apparent  in  its  movements 
and  in  its  growth,  may  in  all  cases  alike  be  described  as  due  to  the 
action  of  force.  In  short,  the  form  of  an  object  i&  a  ''diagram  of 
forces" — ^in  this  sense,  at  least,  that  from  it  we  can  judge  of  or 
deduce  the  forces  that  are  acting  or  have  acted  upon  it;  in  this  strict 
and  particular  sense  it  is  a  diagram:  in  the  case  of  a  solid  of  the 
forces  that  have  been  impressed  upon  it  when  its  conformation 
was  produced,  together  with  those  that  enable  it  to  retain  its  con- 
formation; in  the  case  of  a  liquid  (or  of  a  gas)  of  the  forces  that 
are  for  the  moment  acting  on  it  to  restrain  or  balance  its  own  in- 
herent mobility.  In  an  organism,  great  or  small,  it  is  not  merely 
the  nature  of  the  motions  of  the  living  substance  that  we  must 
interpret  in  terms  of  force  (according  to  kinetics),  but  also  the  con- 
formation of  the  organism  itself,  whose  permanence  or  equilibrium 
is  explained  by  the  interaction  or  balance  of  forces,  as  described  in 
statics. 

If  we  look  at  the  living  cell  of  an  Amoeba  or  a  Spirogyra,  we  see 
a  something  which  exhibits  certain  active  movements  and  a  certain 
fluctuating,  or  more  or  less  lasting,  form;  and  its  form  at  a  given 
moment,  just  like  its  motions,  is  to  be  investigated  by  the  hdp  of 
physical  methods  and  explained  by  the  invocation  of  the  matho^ 
matical  conception  of  force. 
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Now,  the  state,  including  the  8h^>e  or  form,  of  a  portion  of  matter 
18  the  reexiltant  of  a  nimiber  of  forces  which  represent  or  symbolize 
the  manifestations  of  various  kinds  of  energy;  and  it  is  obvious, 
accordingly,  that  a  great  part  of  physical  science  must  be  under- 
stood or  taken  for  granted  as  the  necessary  preliminary  to  the  dis- 
cussion on  which  we  are  engaged. 

I  am  not  going  to  attempt  to  deal  with  or  even  to  enumerate 
all  the  physical  forces  or  the  properties  of  matter  with  which  the 
pursuit  of  this  subject  would  oblige  us  to  deal — with  gravity,  pres- 
sure, cohesion,  friction,  viscosity,  elasticity,  diffusion,  and  all  the 
rest  of  the  physical  factors  that  have  a  bearing  on  our  proUem.  I 
propose  only  to  take  one  or  two  illustrations  from  the  subject  of 
surface  tension,  which  subject  has  already  so  largely  engaged  the 
attention  of  the  physiologists.  Nor  will  I  even  attempt  to  sketch 
the  general  nature  of  the  phenomenon,  but  will  only  state  a  few  of 
its  physical  manifestations  or  laws.  Of  these  the  most  essential 
facts  for  us  are  as  follows:  Surface  tension  is  manifested  only  in 
fluid  or  semifluid  bodies,  and  only  at  the  surface  of  these,  though 
we  may  have  to  interpret  surface  in  a  liberal  sense  in  cases  where 
the  interior  of  the  mass  is  other  than  homogeneous.  Secondly,  a 
fluid  may,  according  to  the  nature  of  the  substance  with  which  it  is 
in  contact,  or,  more  strictly  speaking,  according  to  the  distribution 
of  eneigy  in  the  system  to  which  it  belongs,  tend  either  to  spread 
itself  out  in  a  film  or,  conversely,  to  contract  into  a  drop,  striving 
in  the  latter  case  to  reduce  its  surface  to  a  minimal  area.  Thirdly, 
when  three  substances  are  in  contact  and  subject  to  surface  tension, 
as  when  water  surrounds  a  drop  of  protoplasm  in  contact  with  a 
solid,  then  at  any  and  every  point  of  contact  certain  definite  angles 
of  equilibriimi  are  set  up  and  maintained  between  the  three  bodies, 
which  angles  are  proportionate  to  the  magnitudes  of  the  surface  ten- 
sions existing  between  the  three.  Fourthly,  a  fluid  film  can  only 
remain  in  equilibrium  when  its  curvature  is  everywhere  constant. 
Fifthly,  the  only  surfaces  of  revolution  which  meet  this  condition 
are  six  in  number,  of  which  the  plane,  the  sphere,  the  cylinder,  and 
the  so-called  unduloid  and  catenoid  are  important  for  us.  Sixthly, 
the  cylinder  can  not  remain  in  free  equilibrium  if  prolonged  beyond 
a  length  equal  to  its  own  circumference,  but,  passing  through  the 
unduloid,  tends  to  break  up  into  spheres,  thou^  this  limitation  may 
be  coimteracted  or  relaxed,  for  instance,  by  viscosity.  Finally,  we 
have  the  curious  fact  that  in  a  complex  system  of  films,  such  as  a 
homogeneous  froth  of  bubbles,  three  partition  walls  and  no  more 
always  meet  at  a  crest,  at  equal  angles,  as,  for  instance,  in  the  very 
simple  case  of  a  layer  of  uniform  hexagonal  cells;  and  (in  a  solid 
system)  the  crests,  which  may  be  straight  or  curved,  always  meet, 
also  at  equal  angles,  four  by  four,  in  a  common  point.    From  these 
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physical  facts  or  laws  the  morphologisi  as  well  as  the  physiologist 
may  draw  important  conseqaeDces. 

It  was  Hofmeister  who  first  showed,  more  than  40  years  ago, 
that  when  any  drop  of  protoplasm,  either  over  all  its  surface  or  at 
some  free  end  (as  at  the  tip  of  the  pseadopodinm  of  an  auMBba),  is 
seen  to  ''round  itself  off''  that  is  not  the  effect  of  physiological  or 
vital  contractiUty,  but  is  a  simple  consequence  of  surface  tension — 
of  the  law  of  the  minimal  surface;  and  on  the  physiological  side, 
Engelmann,  Btitschli,  and  others  have  gone  far  in  iheir  development 
of  the  idea.  Plateau,  I  think,  was  the  first  to  show  that  the  myriad 
sticky  drops  or  beads  upon  the  weft  of  a  spider's  web,  their  form, 
their  size,  their  distance  apart,  and  the  presence  of  the  tiny  int^v 
mediate  drops  between,  were  in  everj  detail  explicable  as  the  result 
of  surface  tension,  through  the  law  of  minimal  surface  and  through 
the  corollary  to  it  which  defines  the  limits  of  stability  of  the  cylinder; 
and,  accordingly,  that  with  their  production  the  will  or  cdOTort  or 
intelligence  of  the  spider  had  nothing  to  do.  The  beaded  form  of  a 
long,  thin  pseudopodiimi,  for  instance,  of  a  Heliozoan,  is  an  identical 
phenomenon.  It  was  Errera  who  first  conceived  the  idea  that  not 
only  the  naked  surface  of  the  cell  but  the  contiguous  surfaces  of 
two  naked  cells,  or  the  delicate  incipient  cell  membrane  or  cell  wall 
between,  might  be  regarded  as  a  weightless  fiifan  whose  position  and 
form  were  assimied  in  obedience  to  surface  tension.  And  it  was  he 
who  first  showed  that  the  symmetrical  forms  of  the  unicellular  and 
simpler  multicellular  organisms,  up  to  the  point  where  the  develop- 
ment of  a  skeleton  complicates  the  case,  were  one  and  all  identical 
with  the  plape,  sphere,  cylinder,  unduloid,  and  catenoid,  or  with 
combinations  of  these.  Berthold  and  Errera  almost  simultaneously 
showed  (the  former  in  far  the  greater  detail)  that  in  a  plant  each 
new  cell  partition  follows  the  law  of  minimal  surface  and  tends  (ac- 
cording to  another  law,  which  I  have  not  particularized)  to  set  itself 
at  right  angles  to  the  preceding  solidified  wall,  so  giving  a  simjde 
and  adequate  physical  explanation  of  what  Sachs  had  stated  as  an 
empirical  morphological  rule.  And  Berthold  further  showed  how, 
when  the  cell  partition  was  curved,  its  precise-curvature,  as  well  as 
its  position,  was  in  accordance  with  physical  law. 

TTiere  are  a  vast  number  of  other  things  that  we  can  satisfactorily 
explain  on  the  same  principle  and  by  the  same  laws.  The  beautiful 
catenary  curve  of  the  edge  of  the  pseudopodium,  as  it  creeps  up  its 
axial  rod  in  a  Heliozoan  or  a  Radiolarian,  the  hexagonal  mesh  of 
bubbles  or  vacuoles  on  the  surface  of  the  same  creatures,  the  form 
of  the  little  groove  that  runs  roimd  the  waist  of  a  Peridinian  even 
(as  I  believe)  the  existence,  form  and  imdulatory  movements  of  the 
undulatory  membrane  of  a  Trypanosome,  or  of  that  around  the  tail 
of  the  spermatozocm  of  a  newt — every  one  of  these,  I  declare,  is  a 
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case  where  the  iwultant  fonn  can  be  well  explamed  by,  and  can  not 
possibly  be  understood  without,  the  phenomena  of  surfaoe  tension. 
Indeed,  in  many  of  the  simpler  cases,  the  facts  are  so  well  explained 
by  surface  tension  that  it  is  difficult  to  find  place  for  a  conflicting, 
much  less  an  oyeniding  force. 

I  believe,  for  my  own  part,  that  even  the  beautiful  and  varied 
forms  of  the  foraminifera  may  be  ascribed  to  the  same  cause,  but 
here  the  problem  is  a  little  more  complex,  by  reason  of  the  successive 
consolidations  of  the  shell.  Suppose  the  first  cell  or  chamber  to  be 
formed,  assuming  its  globular  shape  in  obedience  to  our  law,  and 
then  to  secrete  its  calcareous  envelope.  The  new  growing  bud  of 
protoplasm,  accumulating  outside  the  shell,  will,  in  strict  accordance 
with  the  surface  tensions  concerned,  either  fail  to  ''wet''  or  to  adhere 
to  the  first-formed  shell,  and  will  so  detach  itself  as  a  imicellular  indi- 
vidual (Orhulina) ;  or  else  it  will  flow  over  a  less  or  greater  part  of 
the  original  shell,  until  its  free  surface  meets  it  at  the  required  angle 
of  equilibrium.  Then,  according  to  this  angle,  the  second  chamber 
may  happen  to  be  all  but  detached  (Glohigerina) ,  or,  with  all  inter- 
mediate degrees,  may  very  nearly  wholly  enwrap  the  first.  Take 
any  specific  angle  of  contact,  and  presume  the  same  conditions  to 
be  maintained,  and  therefore  the  same  angle  to  be  repeated  as  each 
successive  chamber  follows  on  the  one  before;  and  you  will  thereby 
build  up  regular  forms,  spiral  or  alternate,  that  correspond  with 
marvelous  acciuracy  to  the  actual  forms  of  the  foraminifera.  And 
this  case  is  all  the  more  interesting,  because  the  allied  and  successive 
forms  so  obtained  differ  only  in  degree,  in  the  magnitude  of  a  single 
physical  or  mathematical  factor;  in  other  words,  we  get  not  only 
individual  phenomena,  but  lines  of  apparent  orthogenesis,  that  seem 
explicable  by  physical  laws,  and  attributable  to  the  continuity 
between  successive  states  in  the  continuous  or  gradual  variations  of 
a  physical  condition.  The  resemblance  between  allied  and  related 
forms,  as  Hartmann  demonstrated,  and  Giard  admitted  years  ago, 
is  not  always,  however  often,  to  be  explained  by  common  descent 
and  parentage.^ 

In  the  segmenting  egg  we  have  the  simpler  phenomenon  of  a 
laminar  system,  imcomplicated  by  the  presence  of  a  solid  framework; 
and  here,  in  the  earliest  stages  of  segmentation,  it  is  easy  to  see  the 
correspondence  of  the  planes  of  division  with  what  the  laws  of  surface 
tension  demand.  For  instance,  it  is  not  the  case  (though  the  ele- 
mentary books  often  represent  it  so)  that  when  the  totally  segment- 
ing egg  has  divided  into  four  segments,  these  ever  remain  in  contact 
at  a  single  point ;  the  arrangement  would  be  unstable,  and  the  position 
untenable.    But  the  laws  of  siurface  tension  are  at  once  seen  to  be 
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obeyedi  when  we  recognise  the  little  eroeB-funow  that  separatae  the 
blastomeresy  two  and  two,  leaTing  in  eaoh  ease  thiee  only  to  meet  al 
a  point  in  our  diagram,  which  point  is  in  reality  a  section  of  a  lidge  or 
crost. 

Very  few  have  tried,  and  one  or  two  (I  know)  have  tried  and  not 
sucoeeded,  to  trace  the  action  and  the  effects  of  surface  tension  in 
the  case  of  a  highly  complicated,  multisegmented  egg.  But  it  is  not 
surprising  if  the  difficulties  which  such  a  case  presents  appear  to  be 
formidable.  Even  the  conformation  of  the  interior  of  a  soap  froth, 
though  absolutely  conditioned  by  surface  tension,  presents  great 
difficulties,  and  it  was  only  in  the  last  years  of  Xxird  Kelvin's  life 
that  he  showed  all  previous  workers  to  haye  been  in  error  regarding 
the  form  of  the  interior  ceUs. 

But  what  for  us  does  all  this  amount  to  t  It  at  least  suggests  the 
possibility  of  so  far  supporting  the  observed  facts  of  organic  form  on 
mathematical  principles  as  to  bring  morphology  within  or  very  near 
to  Slant's  demand  that  a  true  natural  science  should  be  justified  by 
its  relation  to  mathematics.^  But  if  we  were  to  carry  these  principles 
further  and  to  succeed  in  proving  them  applicable  in  detail,  even  to 
the 'Showing  that  the  manifold  segmentation  of  the  egg  was  but  an 
exquisite  froth,  would  it  wholly  revolutionize  oiur  biological  ideas  t 
It  would  greatly  modify  some  of  them,  and  some  of  the  most  cherished 
ideas  of  the  majority  of  embryologists;  but  I  think  that  the  way  is 
already  paved  for  some  such  modification.  When  Loeb  and  othera 
have  shown  us  that  half,  or  even  a  small  portion  of  an  egg,  or  a  single 
one  of  its  many  blastospheres,  can  give  rise  to  an  entire  embryo,  and 
that  in  some  cases  any  part  of  the  ovum  can  originate  any  part  of 
the  organism,  surely  our  eyes  are  turned  to  the  energies  inherent  in 
the  matter  of  the  egg  (not  to  speak  of  a  presiding  entelechy),  and 
away  from  its  original  formal  operations  of  division.  Sedgwick  has 
told  us  for  many  years  that  we  look  too  much  to  the  individuality  of 
the  individual  cell,  and  that  the  organism,  at  least  in  the  embryonic 
body,  is  a  continuous  syncytium.  Hofmeister  and  Sachs  have 
repeatedly  told  us  that  in  the  plant,  the  growth  of  the  mass,  the 
growth  of  the  organ,  is  the  primary  fact;  and  De  Bary  has  summed 
up  the  matter  in  his  aphorism.  Die  Pflanze  bildet  Zcdlen,  nicht  die 
Zelle  bildet  Pflanzen.  And  in  many  other  ways  the  extreme  position 
of  the  cell  theory,  that  the  cells  are  the  ulimate  individuals,  and 
that  the  organism  is  but  a  colony  of  quasi  independent  cells,  lias  of 
late  years  been  called  in  question. 

There  are  no  problems  connected  with  morphology  that  appeal  so 
closely  to  my  mind,  or  to  my  temperament,  as  those  that  are  related 

>  *'Ich  bebaupte  aber  daas  tn  jeder  besonderen  Natoilefare  nor  bo  -vlel  efgentUche  WiaBensohaft  angetroflen 
wetdfin  kflone,  ala  darin  ICathematfk  anxatreffen  lot.'*  Kant,  In  PrelMe  to  ICetH»l>yB*  AniHisvtInde 
der  NatorwlaMnachaft  ( Werke,  ed.  Harteutein,  toI.  iv.,  p.  360). 
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to  mechanical  considerations^  to  mathematical  laws,  or  to  physical 
and  chemical  processes.  • 

I  love  to  think  of  the  logarithmic  spiral  that  is  engraven  over  the 
grave  of  that  great  anatomist,  John  Gk>odsir  (as  it  was  over  that  of 
the  greatest  of  the  Bemonillis),  so  graven  because  it  interprets  the 
form  of  every  moUuscan  shell,  of  tusk  and  horn  and  claw,  and  many 
another  organic  form  besides.  I  like  to  dwell  upon  those  lines  of 
mechanical  stress  and  ^rain  in  a  bone,  that  give  it  its  strength 
where  strength  is  required,  that  Hermann  Meyer  and  J.  Wolff 
described,  and  on  which  Roux  has  bestowed  some  of  his  most 
thoughtful  work;  or  on  the  kindred  conformations  that  Schwendener, 
botanist  and  engineer,  demonstrated  in  the  plant ;  or  on  the  ''stream- 
lines" in  the  bodily  form  of  fish  or  bird,  from  which  the  naval  archi- 
tect and  the  aviator  have  learned  so  much.  I  admire  that  old  paper 
of  Peter  Harting's,  in  which  he  paved  the  way  for  investigation  of 
the  origin  of  spicules,  and  of  all  the  questions  of  crystallization  or 
pseudocrystallization  in  presence  of  colloids,  on  which  subject 
Lehmann  has  written  his  recent  and  beautiful  book.  I  sympathize 
with  the  efforts  of  Henking,  Rhiunbler,  Hartog,  Qallardo,  Leduc, 
and  others  to  explain  on  physical  lines  the  phenomena  of  nuclear 
division.  And,  as  I  have  said,  I  believe  that  the  forces  of  surface 
tension,  elasticity,  and  pressure  are  adequate  to  account  for  a  great 
multitude  of  the  simpler  phenomena,  and  the  permutations  and 
combinations  thereof,  that  are  illustrated  in  organic  form. 

I  might  well  have  devoted  this  essay  to  these  questions,  and  to 
these  alone.  But  I  was  loath  to  do  so,  lest  I  should  seem  to  overrate 
their  importance  and  to  appear  to  you  as  an  advocate  of  a  purely 
mechanical  biology.  I  believe  all  these  phenomena  to  have  been 
unduly  neglected,  and  to  call  for  more  attention  than  they  have 
received,  but  I  know  well  that  though  we  push  such  explanations  to 
the  uttermost  and  learn  much  in  the  so  doing,  they  will  not  touch 
the  heart  of  the  great  problems  that  lie  deeper  than  the  physical 
plane.  Over  the  ultimate  problems  and  causes  of  vitality  we  shall 
be  left  wondering  still. 

To  a  man  of  letters  and  the  world  like  Addison,  it  came  as  a  sort 
of  revelation  that  light  and  color  were  not  objective  things  but 
subjective,  and  that  back  of  them  lay  only  motion  or  vibration,  some 
simple  activity.  And  when  he  wrote  his  essay  on  these  startling 
discoveries,  he  found  for  it,  from  Ovid,  a  motto  well  worth  bearing 
in  mind,  causa  latet,  vis  est  notissima.  We  may  with  advantage 
recollect  it  when  we  seek  and  find  the  force  that  produces  a  direct 
effect,  but  stand  in  utter  perplexity  before  the  manifold  and  trans- 
cendent meanings  of  that  great  word  cause. 

The  similarity  between  organic  forms  and  those  that  physical 
agencies  are  competent  to  produce  still  leads  some  men,  such  as 
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Stephane  Leduc,  to  doabt  or  to  deny  tluii  there  is  any  golf  betiween 
and  to  bold  that  spontaneous  generation  or  the  artificial  creation  of 
the  living  is  but  a  f ootstqp  away.  Others,  like  Ddage  and  many 
more,  see  in  the  contents  of  the  cell  only  a  complicated  chemistry 
and  in  variation  only  a  change  in  the  nature  and  arrangement  of  the 
diemical  constituents.  They  either  ding  to  a  belief  in  ''heredity" 
or  (like  Ddage  himself)  replace  it  more  or  leas  conqiletety  by  the 
effects  of  functional  use  and  by  chemical  stimulation  from  without 
and  from  within.  Tet  others,  like  Felix  Auerbach,  still  hiding  to  a 
physical  or  quasi  physical  theory  of  life,  believe  that  in  the  living 
body  the  dissipation  of  energy  is  ccmtrolled  by  a  guiding  principle,  as 
thou^  by  deark  Maxwell's  demons;  that  for  the  living  the  law  ci 
entropy  is  thereby  reversed;  and  that  life  itself  is  that  which  has 
been  evolved  to  counteract  and  battle  with  the  dissipation  of  energy. 
Berthold,  who  first  demonstrated  the  obedience  to.  physical  laws  in 
the  fundamental  phenomena  of  the  dividing  cell  or  segmenting  egg, 
recognizes,  almost  in  the  words  of  John  Hunter,  a  quality  in  the  living 
protoplasm,  sui  generis,  whereby  its  maintenance,  increase,  and  repro- 
duction are  achieved.  Driesch,  who  began  as  a  ''mechanist,''  now, 
as  we  have  seen,  harks  back  strai^t  to  Aristotle,  to  a  twin  or  triple 
doctrine  of  the  soul.  And  Bergson,  rising  into  hei^its  of  metaphysics 
where  the  biologist,  qu&  biologbt,  can  not  dimb,  tells  us  (like  Duran) 
that  life  transcends  teleology,  that  the  conceptions  of  mechanism 
and  finality  fail  to  satisfy,  and  that  only  "in  the  absolute  do  we  live 
and  move  and  have  oiur  being." 
We  end  but  a  little  way  from  where  we  began. 

With  all  the  growth  of  knowledge,  with  all  the  help  of  bH  the  sdences 
impinging  on  our  own,  it  is  yet  manifest,  I  think,  that  the  biologists 
of  to-day  are  in  no  self-satisfied  and  exultant  mood.  The  reasons 
that  for  a  time  contented  a  past  generation  call  for  reinquiry,  and  out 
of  the  old  solutions  new  questions  emerge,  and  the  ultimate  problems 
are  as  inscrutable  as  of  old.  That  which,  above  all  things,  we  would 
explain  baffles  explanation;  and  that  the  living  organism  is  a  living 
organism  tends  to  reassert  itself  as  the  biologist's  fundamental  con- 
ception and  fact.  Nor  will  even  this  concept  serve  xis  and  suffice  us 
when  we  approach  the  problems  of  consciousness  and  intelligence  and 
the  mystery  of  the  reasoning  soul;  for  these  things  are  not  for  the 
biologist  at  all,  but  constitute  the  psychologist's  scientific  domain. 

In  wonderment,  says  Aristotle,  does  philosophy  begin,*  and  more 
than  once  he  repeats  the  saying  and  more  than  once  he  rings  the 
changes  on  the  theme.  Now,  as  in  the  beginning,  wonderment  and 
admiration  are  the  portion  of  the  biologist,  as  of  all  those  who  con- 
template the  heavens  and  the  earth,  the  sea,  and  all  that  in  them  is. 
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And  if  wonderment  springs,  as  again  Aristotle  tells  ns,  from  ignor- 
ance of  the  causes  of  things,  it  does  not  cease  when  we  have  traced 
and  discovered  the  proximate  causes,  the  physical  causes,  the  efficient 
causes  of  our  phenomena.  For  behind  and  remote  from  physical 
causation  Ues  the  end,  the  final  cause  of  the  philosopher,  the  reason 
why,  in  the  which  are  hidden  the  problems  of  organic  harmony  and 
autonomy,  and  the  mysteries  of  apparent  purpose,  adaptation, 
fitness,  and  design.  Here,  in  the  region  of  teleology,  the  plain 
rationalism  that  guided  us  through  the  physical  facts  and  causes 
begins  to  disappoint  us,  and  intuition,  which  is  of  close  kin  to  faith, 
b^ins  to  make  herself  heard. 

And  so  it  is  that,  as  in  wonderment  does  all  philosophy  begin,  so 
in  amazement  does  Plato  teach  us  that  all  our  philosophy  comes  to 
an  end.^  Ever  and  anon,  in  presence  of  the  magnalia  naturae,  we 
feel  inclined  to  say  with  the  poet, 

06  ydp  u  vw  ye  icdxdkc,  dXi*  dsi  nars 
Zd  Tomz,  KOude}c  oidev  if  hvoo  ^<fxbnj. 

* 'These  things  are  not  of  to-day  nor  yesterday,  but  evermore,  and  no 
man  knoweth  whence  they  came." 

I  will  not  quote  the  noblest  words  of  all  that  come  into  my  mind, 
but  only  the  lesser  language  of  another  of  the  greatest  of  the  Greeks: 
"The  ways  of  His  thoughts  are  as  paths  in  a  wood  thick  with  leaves, 
and  one  seeth  through  them  but  a  little  way." 

>  Of.  Oi>toridge,3logr.  Lit. 
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A  HISTORY  OF  CERTAIN  GREAT  HORNED  OWLS.^ 

[With  8  plates.] 


By  Charles  R.  Ketes. 


My  experiences  with  great  homed  owls  (Bubo  virginianua,  espe- 
cially with  a  pair  under  my  observation  for  several  years,  have  often 
suggested  a  contrast  and  comparison  with  Mr.  Finley's  work  on  the 
Califomia  condor.  In  several  respects  our  subjects  and  experiences 
show  a  certain  broad  resemblance.  Both  birds  belong  to  the  family 
of  birds  of  prey,  the  one  being  the  largest  of  the  North  American  vul- 
tures, the  other  the  greatest  of  all  the  owls.  The  condor  has  passed 
into  legend  and  Uterature  as  the  largest  bird  of  flight  and  the  most 
graceful  when  on  the  wing;  the  great  homed  owl  occupies  a  place  no 
less  important  in  legend  and  Uterature  as  the  symbol  of  brooding  wis- 
dom and  solenm  mystery.  In  both  our  studies,  too,  the  rare  privilege 
was  enjoyed  of  extending  our  observations  over  the  whole  home  period 
of  the  bird's  life,  from  the  e^s  in  the  nest  to  the  young  ready  for  their 
first  excursion  into  the  outside  world. 

In  most  respects,  however,  our  stories  are  as  much  in  contrast  as 
they  could  well  be.  The  condors  had  their  home  in  one  of  the  wildest 
and  most  inaccessible  of  Calif omian  mountain  regions ;  from  their  nest 
rim  the  owls  could  look  out  upon  five  farmhouses,  with  their  numerous 
outbuildings,  and  one  schoolhouse,  all  within  a  radius  of  600  yards, 
and  all  neighbors  of  other  homesteads  and  schoolhouses  set  down 
in  the  very  peaceful  and  nonmountainous  State  of  Iowa.  The  con- 
dors, in  their  wild  environment,  were  tame  and  well-disposed  from  the 
first  and  grew  constantly  more  docile  as  the  study  of  their  home  life 
proceeded,  proving  to  be,  apparently,  the  gentlest  of  all  the  raptorial 
birds;  the  great  homed  owls,  with  surroundings  that  would  seem  to 
teach  peace,  had  bad  dispositions  to  begin  with,  and  these  con- 
stantly grew  worse,  until,  after  six  weeks  of  suspense  and  with  the 
longest  of  our  claw  marks  still  unhealed,  my  assistant  and  I  felt  a 
sense  of  relief  when  the  young  owls  finally  took  to  the  tree  tops, 
leaving  us  with  fairly  whole  physiognomies  and  the  feeling  that  we 

1  Reprinted  by  permlarfon  from  The  Condor,  a  magazine  of  western  ornithology,  Hollywood,  Cal.,  toI.  13, 
NtK  1,  Jannary-Pebroary,  1911,  pp.  5-19. 
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had  done  the  best  we  could,  under  the  circumstanceB,  to  preserve  the 
record  of  an  unusual  set  of  conditions.  The  great  homed  owls  had 
proved  to  be,  without  much  doubt,  the  fiercest  of  all  the  birds  of  prey. 
In  one  further  respect,  unfortunately,  our  experiences  were  in  contrast 
to  those  of  Mr.  Finley  and  Mr.  Bohlman.  We  found  it  impossible, 
by  any  means  at  our  command,  to  secure  satisfactory  negatives  of  the 
adult  birds.^  We  were  unable  to  take  them  at  distances  of  less  than  30 
feet,  and  in  every  case  they  so  blended  with  their  background  of  gray 
bark,  or  gray  bark  and  patches  of  snow,  as  not  to  be  worth  n^iile. 
We  r^retted  our  inabiUty  to  try  the  effect  of  a  blind  to  operate 
from,  but  the  mechanical  difficulties  in  the  way  of  such  an  attempt 
demanded  more  time  for  their  solution  than  we  had  to  give.  We 
therefore  gave  our  attention  to  the  nest  and  contents,  or  rather  as 
much  attention  as  the  old  birds  would  allow  us  to  give.  As  the 
adults  were  necessarily  much  under  observation,  it  is  hoped  that  a 
record  of  their  conduct  may  add  some  interest  to  the  present  article. 
The  beautiful  deciduous  forest,  stretching  for  miles  along  the 
north  bluffs  of  the  Cedar  River  to  the  west  of  Mount  Vernon,  had 
by  1890  been  reduced  to  various  detached  groves  of  from  10  to  100 
or  more  acres  each  in  extent.  About  February  of  this  latter  year  I 
was  hunting  through  one  of  the  larger  of  these  groves,  which,  if  one 
struck  straight  across  the  fields,  was  only  a  mile  and  a  half  from  town. 
I  remember  watching  the  short,  uneasy  flights  of  a  great  homed  owl, 
but  without  locating  his  mate.  I  also  remember  talking  with  Mr. 
McFarland,  a  sturdy  Scotchman  who  has  occupied  his  homestead 
just  across  the  road  from  the  owls'  himting  grounds  since  the  early 
fifties,  and  learning  that  ''big  hoot  owls  have  always  been  in  that 
timber."  Soon  after  the  great  oaks  and  hard  maples  of  the  eastern 
two-thirds  of  the  grove  fell  under  the  ax,  leaving  to  the  west  only  a 
25-acre  remnant  and,  in  the  cut-over  area,  only  some  old  white  elms 
and  a  few  young  maples  and  lindens.  Among  these  latter  the  forest 
soil  soon  gave  way  to  a  thick  carpet  of  blue  grass,  and  so  what  had  been 
heavy  forest  was  gradually  transformed  into  a  rather  open  and  still 
very  beautiful  timber  pasture.  It  was  taken  for  granted  that  the 
owls  had  moved  elsewhere,  and  for  a  series  of  years  what  had  been 
famous  Sugar  Grove  was  practically  forgotten.  From  1901  on,  how- 
ever, my  way  several  times  led  across  the  pasture  and  into  the  timber 
tract,  and  I  was  surprised  to  note  there  each  time  the  presence  of 
great  homed  owls.  Once  or  twice  I  even  took  some  pains  to  find  a 
possible  nesting  site.  There  apj{jBared  to  be  none,  so  I  concluded 
that  the  owls  were  merely  transients.  On  Febmary  6,  1906,  just  at 
nightfall  a  friend  and  I  were  walking  along  the  public  highway  which 

1  The  portrait  of  the  adult  owl  ahown  herewith  (pL  2,)  was  taken  aeverel  yean  ago  from  a  fine  ipedmen 
brought  in  to  the  Cornell  College  biological  laboratory.  The  picture  was  made  by  a  atodent  of  loology, 
who  left  the  negatiye  as  property  of  the  oolkfe. 
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forms  the  north  boundaiy  of  the  pasture  and  the  woods.  Suddenly 
the  hooting  of  big  owls  boomed  out  from  a  near-by  linden  of  the  timber 
pasture,  and  there,  sure  enough,  were  both  birds  engaged  in  ardent 
courtship  and  not  minding  our  presence  in  the  least.  They  stood 
facing  each  other  on  the  same  branch  and,  with  feathers  ruffled  and 
heads  bobbing,  were  hooting  in  low  tones  as  they  side-stepped  toward 
one  another  and  greeted  one  another  with  low  bows.  I^ally  they 
flew  away,  side  by  side,  into  the  timber  tract.  That  these  were 
transient  birds  was  beyond  belief;  so,  on  February  17,  after  allowing 
what  seemed  to  be  a  fair  maigin  of  time,  I  decided  to  give  the  vicinity 
a  thorough  search.  /To  make  the  story  short,  the  nest  was  at  last  found 
in  the  very  place  where  previously  it  had  not  seemed  worth  while  to 
look.  It  was  not  in  the  heavy  timber  at  all,  but  in  one  of  the  large 
elms  of  the  pasture,  and,  moreover,  hardly  more  than  50  yards 
removed  from  the  above-mentioned  public  road  where  teams  were 
constantly  passing.  Toward  the  south  the  view  was  wild,  open,  a;id 
picturesque  enough;  to  the  west,  north,  and  east,  at  distances  varying 
from  200  to  500  yards,  were  the  schoolhouse  and  farmhouses,  as  above 
stated.  ' 

A  more  fortunate  set  of  conditions  for  the  study  of  the  owls'  home 
life  could  hardly  be  hoped  for.  The  short  distance  from  town  has 
already  been  indicated.  The  nest  was  in  a  large  shallow  hollow, 
28  by  32  inches  in  diameter  at  the  bottom,  with  an  entrance  18  by  20 
inches  in  diameter  set  at  an  angle  of  45^  and  facing  toward  the  south- 
east. The  hollow  was  only  8  inches  deep  on  the  exposed  side,  thus 
permitting  fairly  good  illumination.  Of  still  more  importance  the 
nest  site  was  only  22  feet  from  the  ground  and  a  strategic  branch 
some  5  feet  above  the  nest  afforded  a  point  of  attachment  for  a  ladder 
combination  from  which  pictures  might  be  taken.  As  great  homed 
owls  generally  make  use  of  old  hawks'  nests  placed  in  the  tops  of  the 
largest  trees  the  good  fortune  of  this  modest  elevation  can  readily 
be  appreciated.  At  the  very  moment  when  tins  nest  was  discovered 
a  second  pair  of  these  birds  was  domiciled  in  a  redtail's  nest  placed 
in  a  tall  white  elm  in  heavy  timber  3^  miles  to  the  northwest  and  just 
92  feet  above  the  ground.  Further,  the  proximity  of  farmhouses 
made  certain  the  necessary  supply  of  ladders  and  ropes.  Mr.  Bene- 
dict, who  lived  just  across  the  road  and  only  200  yards  to  the  east, 
and  Mr.  McFarland,  whose  house  stood  only  75  yards  farther  to 
the  east,  were  our  interested  and  generous  benefactors.  Our  oppor- 
tunities were  indeed  great  and,  as  I  said,  we  greatly  regretted  oiur 
inability  to  make  better  use  of  them. 

The  weather  on  February  17  was  fairly  moderate,  with  the  snow 
melting  slightly,  though  the  preceding  days  from  February  6  had 
been  stormy  enough,  with  temperatures  as  severe  as  10  below  zero. 
But  the  sittiog  bird  was  wonderfully  protected  from  the  storm 
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winds  of  the  iiorth  and  wwi  and  flashed  fro^ 

that  lay  in  a  sli^^  hoUofW  et  ths  dsca jed  wood  on  the  noith  side 
of  the  cavity.  It  seemed  to  me  out  of  the  qaastkm,  with  such  tenqMr- 
atures  as  February  and  Maidi  were  sore  to  bring,  to  obtain  moj 
pictures  without  having  the  oids  pot  their  date  a  liliUe  later  in  the 
season;  so,  after  a  little  qui^  thoa^,  I  pocketed  these  eggs  and 
w^it  home.  My  conyictioo  that  the  owk  would  not  abandon  so 
ideal  a  site  after  a  probaUe  occupancy  of  years  was  fuUy  confirmed 
when,  on  Mardi  23,  three  more  eggs  were  foond,  jot  like  the  first 
and  lying  in  exactly  the  same  little  bellow. 

Saturday,  April  7,  was  the  first  wann  day  of  spring.  On  this  day 
Mr.  W.  W.  White,  a  student  in  Comdl  College,  and  I  made  the  first 
attempts  to  secure  pictures  of  the  owls'  home  and  surroundlngB. 
Mr.  White's  ingenuity  proved  greater  than  my  own  and  to  him  are  to 
be  credited  the  scheme  for  getting  a  camera  within  range  of  the  nest 
and  the  successful  picture  of  the  eggs  in  situ.  He  also  took  the  front 
view  of  the  nest  tree,  kxddng  northwest  and  showing  the  general 
situation  and  the  interesting  structure  of  the  big  elm  itself.  I  merely 
helped  him  with  the  necessary  ladders  and  ropes.  Our  two  20-foot 
ladders,  lashed  together  and  drawn  up  with  a  guy  rope  so  as  to  rest 
on  the  aforesaid  strategic  branch,  made  anything  but  a  solid  founda- 
tion from  which  to  work.  Nevertheless  all  the  near  views  of  the 
nest  were  taken  from  this  unsteady  perch,  the  camera  beii^  tied 
with  strings  to  the  sides  and  rungs  of  the  topmost  ladder. 

On  April  14  two  young  were  found  in  the  nest  and  the  remaining 
eg^  was  much  pipped.  Both  young  wrae  entirely  blind  and  cmly 
one  gave  much  sign  of  life.  This  was  done  by  uttering  a  querulous 
little  note  someiduit  like  that  of  a  very  young  chicken  when  exdted 
but  not  sufficiently  fri^tened  to  peep.  The  older  one  was  able  to 
hold  its  head  up  slightly  while  the  smaller  was  entirely  helpless. 
Both  shivered  as  if  from  cold,  the  day  being  cool  and  showery. 
In  the  nest  cavity  were  a  headless  bobwfaite  and  the  hind  parts  of  an 
adult  cottontail  rabbit.  The  weather  conditions  prevented  our 
trying  to  secure  a  negative.  On  April  19  only  two  young  were  found 
in  the  nest,  with  nothing  at  all  to  indicate  the  fate  of  the  third  e^. 
The  young  appeared  quite  lifeless,  allowing  their  bills,  which  were  of 
a  slaty  color  with  darker  tips,  to  rest  in  the  decayed  wood  of  the  nest 
bottom.  The  feather  sheaths  were  pushing  out  on  the  dorsal  and 
scapular  tracts,  and  at  the  tips  of  these  the  brown  juvenile  plumage 
was  begiiming  to  show.  The  primary  quills  were  also  sprouting  but 
the  feathers  themselves  were  still  entirely  concealed.  The  nest 
cavity  contained  a  headless  adult  rabbit  and  a  headless  coot,  also  the 
hind  parts  of  a  young  rabbit  about  the  size  of  a  striped  gopher.  No 
assistant  was  available  on  this  day.  On  April  21  the  young  showed 
very  noticeable  increase  in  size,  the  brown  feathers  now  showing 
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aU  over  the  dorsal  and  acapidar  areas.  The  eyes  had  partially  opened 
in  the  form  of  a  rather  narrow  ellipse.  Still  quite  listless  the  young 
emitted  the  querulous  note  as  described  but  did  not  snap  their 
mandibles,  llie  view  inside  the  nest  hollow  was  rather  a  pitiful  one. 
In  addition  to  half  a  coot  and  half  a  rabbit  (probably  the  leavings  of 
two  days  before)  there  lay  scattered  about  four  young  cottontails 
hardly  as  large  as  an  adult  str^)ed  gopher.  Two  were  whole,  one 
headless,  and  only  the  hind  parts  of  the  fourth  remained.  A  high 
wind  and  a  chilly  day  caused  Mr.  White  and  me  to  lose  this  extraordi- 
nary picture.  By  April  26  the  eyes  of  the  young  birds  were  nearly 
or  quite  open,  the  iris  being  of  a  milky  yellow  or  li^t  lemon  yellow. 
The  mandibles,  which  were  now  grayish  yellow  in  color,  were  snapped 
vigorously.  The  primary  quiUs  were  an  inch  and  a  half  long,  the 
feathers  just  beginning  to  show  at  the  tips.  The  food  in  the  nest 
consisted  of  the  hind  parts  of  an  adult  cottontail,  an  entire  striped 
gopher  and  a  headless  bobwhite.  Various  feathers  of  a  flicker  also 
indicated  a  capture  of  this  species.  I  was  again  without  an  assistant. 
On  April  28,  with  the  help  of  Mr.  George  H.  Surge,  I  was  able  to 
repeat  Mr.  White's  performance  of  three  weeks  before  and  get  a 
successful  negative  of  the  nest  and  ccmtents.  The  young  were  now 
2  weeks  old,  still  quite  drowsy  and  ioert,  and  entirely  disinclined  to 
open  their  eyes  toward  the  light.  The  only  food  in  the  nest  was  the 
hind  quarters  of  an  adult  cottontail. 

Thus,  for  1906,  weather  conditions  tJbou^t  to  be  insuperable  and 
frequent  iuability  to  get  a  helper  when  one  was  needed  had  permitted 
a  net  return  of  only  three  good  negatives.  Further  trips  were  made 
alone  to  the  owls'  home  and  a  few  further  observations  recorded. 
By  May  9  the  yoimg  seemed  to  have  doubled  in  size  and  were  wide- 
awake and  combative.  In  size  they  were  even  then,  at  3^  weeks,  as 
large  in  appearance  as  a  two-thirds  grown  Plymouth  Rock  hen.  In 
the  nest  lay  the  hind  quarters  of  an  adult  rabbit,  a  headless  yoimg 
rabbit  about  one-third  grown,  and  a  large  headless  brown  rat. 
Being  away  from  town  myself,  on  May  16  Mr.  White,  with  a  student 
assistant,  went  to  the  timber  pastture  intending  to  secure  a  fourth 
pictmre.  The  nest  was  found  empty,  the  owlets  having  occupied  it 
this  season  only  about  4  weeks.  Soon  after  that,  as  I  learned  from 
one  of  the  neighbors,  two  little  girls  gathering  flowers  in  the  timber 
tract  came  across  both  owlets  as  they  were  scrambling  along  the 
ground  and  evidently  still  unable  to  fly.  The  girls  reported  the 
strange  creatures  to  a  hired  man  who  was  temporarily  in  the  neighbor- 
hood and  he  hunted  up  the  '' varmints"  and  clubbed  them  to  death. 
The  real  neighbors  of  the  owls  would  not  have  done  this.  They  were 
all  interested  in  the  big  birds  and  all  reported  that  their  large  flocks 
of  chickens  had  not  suffered  from  their  presence. 
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A  further  word  should  be  added  on  the  behayior  of  ihe  adult  birds 
during  the  first  season.  With  two  of  us  at  the  nest  their  demonstra- 
tionsy  although  energetic  enough,  never  proved  dangerous.  Both 
birds  merely  came  near,  flying  back  and  forth  at  distances  vaiying 
from  30  to  100  feet,  snapping  their  mandibles,  ruffling  their  feathers, 
and  hooting  out  vigorous  protests.  It  was  different  when  one  person 
was  at  the  nest  alone.  On  April  28  I  had  arrived  at  the  old  elm 
about  20  minutes  ahead  of  Mr.  Surge  and,  standing  on  the  next  to 
the  top  round  of  a  20-foot  ladder,  was  making  some  examination  of 
the  young  and  the  other  contents  of  the  nest  cavity.  The  laddw 
necessarily  stood  as  nearly  vertical  as  possible  to  reach  the  cavity  at 
all  and,  as  the  big  tree  was  about  5  feet  in  diameter  just  below  the 
hollow,  the  hold  was  none  too  secure.  Fortunately  a  small  hori- 
zontal branch  shot  out  from  the  heavy  trunk  on  the  northeast  side 
and  against  this  the  top  3  inches  of  the  ladder  found  some  support 
Without  this  I  dislike  to  think  what  might  have  happened  when  that 
stimning  blow  came  in  from  the  south  quarter.  It  was  absolutely 
unexpected  and  so  violent  as  to  leave  the  left  side  of  my  head, 
quite  numb.  With  my  hand  I  discovered  that  blood  was  running 
down  my  cheek  and  a  quick  glance  around  dhiowed  my  assailant  step- 
ping up  and  down  on  a  nearby  limb  and  clearly  ready  to  come  again. 
Under  the  circumstances  I  slid  down  the  ladder  to  firmer  vantage 
ground.  The  slash,  which  began  on  the  left  cheek  and  ran  across 
the  left  ear,  was  rather  u^y  but  not  dangerous.  Considering  the 
eight  daws  of  a  great  homed  owl,  each  1^  inches  in  length,  I  had 
gotten  off  easily.  Evidently  only  one  daw  had  taken  effect,  the 
curvature  of  the  great  tree  trunk  and  my  clinging  position  over  the 
nest  rim  having  given,  doubtless,  some  protection.  The  numtmess 
was  probably  caused  by  the  stroll  of  a  rushing  wing. 

When  on  May  9  I  was  again  compelled  to  visit  the  nest  alone  I 
knew  what  to  expect  and  so  was  constantly  oil  my  guard.  About  3 
seconds'  study  of  the  young  birds  and  nest  contents  was  alternated 
with  about  the  same  amoimt  of  scrutiny  of  the  immediate  horizon. 
In  this  way  it  was  possible  to  define  an  adult  owFs  manner  of  attack. 
Three  times  on  this  occasion  one  of  the  birds  flew  in  from  a  neigh- 
boring tree  and  with  strong  stroke  of  wing  came  straight  at  my 
head.  It  was  not  at  all  the  stoop  of  hawk  or  falcon,  but  rather 
the  onrush  of  a  heavy  projectile  with  a  very  flat  trajectory.  Lake  a 
large  projectile,  too,  the  flight  was  visible  and  so  all  the  more  disconcert- 
ing; unlike  a  projectile,  it  was  noiseless  as  a  flying  shadow.  Audubon 
speaks  of  the  hunting  flight  of  the  great  homed  owl  as  possessing 
incomparable  velodty  and,  kind  reader,  I  am  quite  ready  to  agree 
with  hinu  The  big  bird,  perched  on  a  branch  from  30  to  50  feet 
away,  first  shifts  nervously  from  one  foot  to  the  other,  then  launches 
swiftly  into  space.    There  is  just  time  to  brace  oneself  a  little,  swing 
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one's  cap,  and  quickly  duck  one's  head  as  the  great  missile  rushes 
past.  The  owl  keeps  strai^t  on  her  course  and  alights  with  heavy 
impact  on  a  brandi  of  a  neighboring  tree.  Here  she  faces  about  and 
veiy  likely  comes  straight  back  again.  This  process  became  finally 
a  bit  too  exciting  and,  after  making  certain  that  the  headless  quad- 
ruped lying  in  the  nest  oyer  behind  the  owlets  was  just  a  big  house 
rat,  I  slipped  down  the  ladder  and  went  home. 

February  7,  1907,  was  cold  and  clear  after  the  terrific  snowstorm 
of  the  night  before.  On  this  day  Mr.  James  R.  Smith,  a  young  farmer 
of  the  vicinity  who  had  alwajrs  been  interested  in  birds  and  who  was 
destined  to  be  my  skillful  assistant  throughout  the  season,  accom- 
panied me  to  the  snow-covered  timber  pasture.  As  we  approached 
the  nest  tree  of  the  year  before  a  fox  squirrel  leaped  from  one  of  the 
smaller  adjacent  trees  and,  starting  up  the  big  elm,  ran  along  the 
rim  of  the  great  knothole  which  formed  the  owls'  doorway  and 
scampered  onto  a  topmost  branch.  If  the  owl  were  at  home  the 
saucy  fellow  surely  passed  within  10  inches  of  her  face.  For  a  moment 
we  felt  dubious  as  to  the  nest  being  occupied.  As  we  approached  the 
tree,  however,  a  great  homed  owl  flew  from  one  of  the  higher  brancheSi 
aroused  either  by  the  squirrel  or,  more  likely,  by  our  own  approach. 
This  was  more  favorable.  We  gave  the  tree  a  few  kicks,  when  the 
sitting  bird  hopped  up  lightly  to  the  rim  of  the  cavity,  looked  across 
the  white  landscape  for  several  seconds,  then  spread  her  nearly  5 
feet  of  wings  and  flew  silently  away. 

Our  first  mistake  for  1907  was  in  not  looking  into  the  nest  on 
this  first  day.  Our  reasons  for  not  doing  so  were  the  beUef  that  the 
set  of  eggs  could  hardly  be  complete  at  this  time  and  especially  the 
fear  that  the  egg  or  eggs  could  not  stand  exposure  even  for  a  short 
time  on  so  cold  a  day.  My  present  belief  is  that  this  fear  was 
unfoimded.  Just  two  days  later,  on  February  9,  at  about  3  o'clock 
in  the  afternoon,  I  visited  the  nest  again  and  found  the  set  of  three 
eggs  complete.  These  were  lying  in  a  slight  hollow  as  before,  but  as 
far  back  in  the  cavity  as  possible.  Except  for  a  small  space  about 
the  eggs  the  house  was  filled,  even  to  the  doorsill,  with  snow.  It 
was  a  picture,  indeed,  but  one  over  which  we  did  not  dare  tarry  in 
freezing  weather.  All  the  eggs  were  nest  stained  and  it  did  not  look 
as  if  any  one  of  them  had  been  laid  that  day.  However,  this  was 
uncertain,  and  I  had  lost  a  possible  opportunity  of  learning  just  when 
the  set  became  complete.  This  was  r^rettable,  for  no  one  seems  to 
know  the  period  of  incubation  of  an  egg  of  the  great  homed  owl. 
The  older  ornithologists  made  their  guess  at  3  weeks.  Bendire  later 
expresses  his  beUef  that  this  period  is  too  short  and  that  4  weeks  is 
probably  nearer  to  the  truth.  I  have  not  determined  the  point, 
though  my  data  still  possesses  some  interest.  Toward  the  end  of  the 
387840-^M  1911 ^26 
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month  I  began  to  visit  the  nest  as  often  as  possible  to  ascertain  as 
nearly  as  I  could  when  the  chicks  appeared  and  how  kmg  the  hatch- 
ing process  lasted.  It  was  not  until  March  6,  at  2  p.  nL,  that  I  found 
one  of  the  eggs  pipped,  a  small  roimd  area  no  larger  than  a  pea  being 
broken.  On  March  7  at  the  same  hour  the  broken  area  was  the  size 
of  a  dime.  I  could  distincdj  hear,  however,  several  times  repeated, 
the  low  twittered  note  of  the  still  imprisoned  chick.  The  other  eggs 
still  showed  no  sign.  Bad  weather  and  pressure  of  other  work  now 
prevented  a  further  visit  until  March  11  at  2.30  o'clock.  Two  very- 
callow  owlets  were  now  in  the  nest  and  one  sli^Uy  pipped  ^g.  The 
young  birds  were  not  completely  protected  by  their  white  down  as 
yet,  the  bare  skin  being  visible  between  the  tracts.  On  March  16 
three  young  owls  of  different  sizes  were  found  in  the  nest,  one  being 
quite  markedly  smaller  than  the  other  two.  The  query  remains: 
How  long  does  it  take  a  great  homed  owl's  egg  to  hatch  t  The  above 
are  the  data  kept  and  anyone  can  make  estimates  on  them.  It 
seems  certain  that  these  birds  did  not  lay  an  ^g  oftener  than  once 
in  two  days  and  that  the  period  of  incubation  could  not  have  been 
less  than  30  days,  with  the  probabilities  on  the  side  of  a  rather  longer 
period. 

For  our  second  year's  work  we  had  the  experience  of  the  first  to 
go  on,  we  were  more  confident  of  the  owlets'  ability  to  bear  exposure, 
and  so  decided  to  photograph  them  at  least  once  a  week,  let  the 
weather  offer  what  it  would.  And  the  offerings  were  of  sufficient 
variety.  On  March  16,  with  the  young  4,  6,  and  8  days  old,  approxi- 
mately, the  temperature  was  well  above  freezing  and  comfortable, 
but  we  were  unable  to  expose  a  plate  until  4  p.  m.,  the  sun  became 
covered  with  black  clouds,  and  we  were  on  the  shady  side  of  the  tree. 
We  were  not  hopeful,  but  a  long  exposure  accomplished  our  purpose. 
In  addition  to  the  parts  of  three  adult  cottontails  and  one  bobwhite, 
which  the  camera  shows,  a  fourth  rabbit  and  a  second  bobwhite,  also 
a  plump  field  mouse,  do  not  appear  in  the  picture,  being  tucked  away 
under  the  overhanging  roof  to  the  left  or  buried  under  other  remains. 
It  was  chilly  on  March  30  and  a  high  wind  was  blowing  in  from  the 
northwest.  On  April  13  we  had  a  regular  northwest  gale  to  contend 
with  and  freezing  temperature  added.  We  varied  our  work  with  the 
camera  by  runs  across  the  frozen  timber  pasture.  Why  it  was  that 
our  negatives  taken  on  these  last  two  dates  did  not  show  motion  we 
have  never  satisfactorily  explained  to  ourselves,  for  only  time  expo- 
sures could  be  used.  Certain  it  is  that  both  the  big  elm  and  oiur 
nearly  30-foot  stretch  of  ladder  were  swaying  back  and  forth  under 
the  lash  of  that  roaring  wind.  The  gentle  rain  that  was  falling  when, 
on  April  18,  Mr.  Benedict  helped  me  bring  the  now  lively  owlets  to 
the  base  of  the  old  nest  tree,  proved  to  be  really  no  obstacle  at  alL 
It  splashed  water  against  the  lens  of  the  camera  but  the  negatives 
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gave  no  sign.  The  first  fine  weather  of  spring  was  caUing  forth  the 
backward  buds  of  the  young  hard  maples  when,  on  April  22,  the 
owlets  posed  for  the  last  time  on  an  old  oak  stiunp,  just  east  of  the 
nest  tree.  The  weather  encx>untered  on  dates  not  mentioned  was 
composed  of  variations  of  the  above,  but  the  rule  was  freezing  tem- 
peratures, with  high  winds.  Under  all  the  conditions  the  yoimg  owls 
thrived  and  did  not  seem  to  mind  seriously  our  intrusion  into  their 
home  life. 

During  the  season  of  1007  the  food  contents  found  in  the  nest 
cavity  were  as  follows:  Five  bobwhites,  2  meadow  mice,  1  domestic 
pigeon,  1  flicker,  2  American  coots,  1  king  rail,  19  adult  cottontails. 
This  list  is  not,  of  course,  an  accurate  accoimt  of  the  various  captures 
brought  to  the  nest.  It  merely  records  what  was  seen  there  on  the 
16  trips  made.  The  same  bird  or  mammal  was  doubtless  sometimes 
counted  twice,  and  captures  were  in  all  probability  brought  in  of 
which  no  remnants  were  seen.  I  think  not  more  than  3  different 
bobwhites  were  seen,  quite  likely  only  2,  and  the  nmnber  of  cotton- 
tails is  also  probably  too  high.  The  fact  seems  to  be  that  both  birds 
and  quadrupeds  of  the  larger  size,  after  being  eaten  from  the  head  to 
the  tougher  hind  parts,  were  then  left  two  or  three  days  imtouched 
and  finally  removed  from  the  nest  altogether.  These  were  not 
dropped  about  the  base  of  the  tree,  however,  and  in  fact  no  trace  of 
food  remnants  was  found  at  any  time  except  in  the  nest  itself. 
That  some  refuse  was  removed  from  the  nest  seems  probable  from 
such  facts  as  the  following:  The  above-mentioned  2  bobwhites,  1 
meadow  mouse,  and  4  rabbits  found  in  the  nest  cavity  on  March  16 
were  all  in  fairly  whole  condition,  aside  from  the  heads.  On  March 
23  parts  of  6  rabbits  were  foxmd,  represented  by  the  hind  quarters 
only,  and  1  bobwhite  with  the  breast  eaten  away.  These  were 
mostly  rather  desiccated  remnants  and  I  took  them  to  be,  for  the 
most  part,  leftovers  from  the  week  before.  On  March  30  the  nest 
was  entirely  clean  except  for  a  freshly  killed  white  pigeon.  Qenerally 
speaking,  Uie  nest  cavity  was  well  kept,  a  fact  which  seemed  to  indi- 
cate removal  of  the  excrement  of  the  yoimg  by  the  old  birds. 

Our  second  season's  active  work  with  the  owls  was  not  without  its 
exciting  featm*es.  Twice  when  alone  I  had  had,  in  spite  of  close 
watchfulness,  pretty  close  brushes  with  one  of  the  old  birds.  But  it 
was  not  until  the  yoimg  were  removed  from  the  nest  for  the  last  two 
attempts  to  get  clearer  pictures  that  there  was  any  real  element  of 
danger.  With  the  three  pugnacious  owlets  grouped  on  the  groimd 
at  the  base  of  the  nest  tree,  both  old  birds  now  closed  in,  teetering 
and  dancing  and  hooting  on  branches  about  30  feet  from  our  heads 
or  brushing  close  past  us  as  they  took  up  new  positions  or  sought  for 
an  opening.  Mr.  Benedict^  who  was  my  helper  this  time,  literally 
stood  guard  ofoer  me  as,  with  camera  close  to  the  ground,  I  stooped 
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under  die  focusing  doth.  'Except  far  his  faD-vinoed  yelk  and  well- 
aimed  sticks  I  am  sure  my  position  woidd  hATe  been  utterly  trnteoaU 

The  last  try  for  pictures,  when  the  young  were  placed  on  the  old 
stump  a  few  feet  to  tiie  east  of  the  Ug  elm,  did  not  pass  <tf  so  smoothly. 
Whetiier  the  city  friend  who  had  become  interested  in  the  proceed- 
ings and  who  was  this  tame  trusted  as  my  bodyguard  was  less  effective 
with  voice  and  misajles  than  he  shodid  have  been,  or  whether  the  owls 
no  longer  feared  an  ordinary  demonstration,  it  would  be  haid  to  say. 
Two  of  the  youngsters  were  already  on  the  oak  stump  and  I  was 
somewhere  aloft  in  quest  of  the  tibinL  PresumaUy  I  was  either  just 
reaching  over  the  nest  rim  for  the  last  aiapping  owlet  or  dse  had  just 
started  down  with  him.  My  memory  has  never  been  clear  on  the  point 
nor  was  my  excited  friend  ever  able  to  elucidate  fully.  At  any  rate 
my  position  for  the  moment  must  have  been  strategically  bad.  The 
sharp  cry  ''Look  out"  barely  gave  me  time  to  duck  my  head,  when 
a  resoimding  whack  was  administered  across  my  shoulders.  This 
was  not  damaging,  but  the  return  stroke  would  come  quickly  and 
doubtless  be  better  placed.  It  came  and  I  ducked  again,  but  not 
quite  far  enough,  or  possibly  not  at  exactly  the  ri^t  instant.  The 
shock  was  profound.  The  list  of  damages  showed  three  scalp  wounds 
from  1  inch  to  nearly  3  inches  in  length,  while  my  cap  had  disappeared 
ttitirely  from  the  scene.  This  was  later  found  under  a  tree  some 
hundred  yards  to  the  south,  a  punctured  souvenir  of  our  last  intimate 
contact  with  the  great  homed  owls. 

After  each  sitting  the  young  were  replaced  in  the  nest  and  two 
days  after  the  stormy  last  one,  on  April  24,  the  house  was  found 
empty  and  the  family  was  in  the  treetops.  It  will  be  noted  that  the 
owlets  remained  in  the  nest  about  two  weeks  longer  in  1907  than  in 
1906.  One  youngster  was  in  the  very  top  branches  of  the  old  elm 
of  his  nativity,  fully  50  feet  above  the  deserted  home  or  more  than 
70  feet  above  the  ground;  another  was  100  yards  away  in  the  timber 
tract  and  some  18  feet  up  in  a  linden;  both  were  motionless  and 
inconspicuous  among  the  budding  branches.  In  the  time  at  disposal 
the  third  brother  could  not  be  found.  Two  days  before  this  the 
yoimg  bad  shown  neither  inclination  nor  ability  to  fly.  It  seems 
certain  that  no  one  of  them  could  have  mounted  a  vertical  distance 
of  50  feet  through  any  powers  of  his  own.  The  conclusion  seems 
inevitable  t^at  in  some  way  the  old  birds  carried  the  young  to  the 
places  where  I  foimd  them.  But  the  secret  belongs  to  the  owls,  for 
no  one  witnessed  the  leave-taking. 

A  Uttie  more  than  two  months  passed  by  and  on  a  walk  through 
their  now  heavily  foliaged  retreat  two  great  heavy  o^,  seemin^y, 
and  doubtiess  actually,  larger  than  adults,  were  startied  from  the 
ground  near  some  prostrate  tree  trunks,  from  which  they  flew  slowly 
iuto  the  nearby  trees.    Almost  at  the  same  moment  a  third  dropped 

Digitized  by  CjOOQ  IC 


HISTORY  OF  CERTAIN  GBBAT  HOBNED  OWLS — KEYES.  405 

from  the  lower  branches  of  an  oak  and  took  up  a  new  position  deeper 
in  the  shadows  of  the  woods.  So  far  as  mere  ^Ize  was  concerned  the 
owlets  had  reached  and  even  surpassed  the  adult  owl  estate,  though 
probably  still  under  the  care  and  tutelage  of  their  elders.  From  now 
on  they  would  need  to  shrink  and  harden  into  the  strength  and  agility 
necessary  to  enter  the  competition  of  adult  owl  life  and  maintain 
themselves  in  the  general  struggle  for  existence. 

February  of  1908  again  foimd  Mr.  Smith  and  me  rapping  anxiously 
at  the  old  ebn  of  the  timber  pasture.  With  the  facilities  at  our  dis- 
posal we  could  accomplish  little  more  with  the  young  birds,  but 
during  the  year  we  had  formulated  a  plan  by  which  there  might  be  a 
bare  possibility  of  securing  a  portrait  of  the  old  owl  as  she  sat  within 
her  doorway.  Chxr  hopes  were  raised  by  the  reports  of  both  Mr. 
Benedict  and  Mr.  McFarland  that,  as  the  nesting  season  approached, 
the  owls  had  been  heard  hooting  as  usual.  Our  misgivings  began 
when  we  found  piled  about  the  nest  tree  the  cordwood  from  a  number 
of  the  neighboring  yoimg  lindens.  The  old  nest  cavity  was  found 
empty.  The  owls  were  able  to  endure  intrusion  into  their  home  life 
for  two  seasons,  but  evidently  did  not  take  kindly  to  radical  changes 
hi  their  immediate  environment. 

A  mile  west  of  the  old  home  is  another  forest  fragment  of  perhaps 
60  acres  and  in-  this  a  pair  of  red-tailed  hawks  had  built  their  bulky 
aerie  in  a  tall  white-ash  tree,  75  feet  from  the  ground.  Following 
the  custom  of  most  of  their  tribe  when  suitable  hollow  trees  are  no 
longer  to  be  had,  the  big  owls  appropriated  this  new  refuge  and  in  it, 
in  spite  of  rain,  sleet,  snow,  and  wind,  successfully  raised  their  brood. 
To  be  sure  we  had  no  exact  proof  that  these  were  the  very  owls  with 
which  we  had  dealt  in  other  years,  nevertheless  we  felt  morally  certain. 
The  new  locality  was  the  nearest  available  one  and  for  many  years, 
mitil  1908,  had  not  boasted  its  pair  of  owls. 

The  years  1909  and  1910  add  nothing  new  to  the  history  of  the 
owls  except  that  in  thfi  former  year  a  January  gale  destroyed  the  nest 
in  the  ash  tree  and  the  valiant  pair  were  apparently  forced  to  a  new, 
but  similar,  retreat.  Their  history,  so  far  as  we  were  concerned,  was 
a  closed  one.  During  the  season  of  1907 1  had  locatedfive  pairs  of  great 
homed  owls  within  a  radius  of  7  miles  of  Mount  Vernon.  None  of 
these  could  be  intimately  studied  except  the  pair  whose  history  I  have 
tried  to  trace.  In  February  of  1910  I  again  tried  to  locate  breeding 
birds  of  this  species,  but  without  success.  In  spite  of  the  big  fellow's 
tenacity  in  clinging  to  a  locality  once  chosen,  in  spite  of  his  clever- 
ness in  escaping  observation,  it  almost  seems  now  that  the  coming 
of  the  shotgun  army  and  the  going  of  the  protecting  forests  were 
gradually  making  the  great  homed  owl,  along  with  many  another 
species  without  which  the  woods  are  stiller  and  humanity  poorer,  in 
the  more  settled  parts  of  our  country  at  least,  a  member  of  a  slowly 
vanishing  raca 
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Plate  2. 


Fig.  1  .—Adult  Male  Great  Horned  Owl;  During  a  Davs 
Captivity  He  was  Silent,  Proud,  and  Defiant. 


Fig,  2.— a  Portion  of  the  Owls'  Hunting  Range  as  Seen  from  the  Public  Highway; 
Nest  Tree  on  Extreme  Right. 
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Plate  3. 


Fig.  1.— The  Owls*  Nesting  Time;  from  Town  the  Timber  Tract  and  Environment  are  Seen  In 

Panoramic  View. 


Fig.  2.— The  Old  Elm  with  the  Nest  Cavity  is  in  Itself  a  Natural  Curiosity;  View  Northwest 
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Plate  4. 


February  7,  1907;  the  Gray  Plumage  and  White  Throat  Patch  of  the  Old  Owl 
Sitting  on  the  Rim  of  the  Nest  Cavity  Blend  Perfectly  with  the  Bark  and 
Snow. 
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Plate  5. 


Fig.  1,— March  t6,  1907;  where  the  Dead  are  More  in  Evidence  than  the  Living;  Owlets  4, 

6,  AND  8  Days  Old. 


Fig.  2.— March  30,  1907;  Owlets  18,  20,  and  22  Da 
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Plate  6. 
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Fig.  1. -April  13, 1907;  AoE  of  Owlets,  32,  34,  and  36  Days. 


Fig.  2.— April  18, 1907;  At  the  Base  of  the  Old  Nest  Tree;  Young  37,  39,  and  41  Days  Old. 
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Plate  7. 


Fig.  1— April  22,  1907;  Dorsal  and  Lateral  Views;  Ages  41,  43,  and 

45  Days. 


FiQ.  2.— April  22   1907;  A  Frontal  View;  Two  Days  Later  All  were  in 
THE  Tree  Tops. 
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Plate  8. 


The  Owl  Home  of  1908;  A  Vain  Look  Aloft. 
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THE  PASSENGER  PIGEON. 

[With  1  colored  plate.] 


Accounts  by  Pehb  Ealm  (1759)  and  John  James  Audubon  (1831). 


[The  former  habitat  of  the  pasBenger  pigeon  (Ectopistes  mtgratorius)  aa  given  by  the 
American  Omithologiata'  Union  check  list  (third  edition,  1910)  is  as  follows: 

''Bred  formerly  from  middle  western  Mackenzie,  central  Keewatin,  central  Quebec, 
and  Nova  Scotia  south  to  Kansas,  Mississippi,  Pennsylvania,  and  New  York;  win- 
tered principally  from  Arkansas  and  North  Carolina  south  to  central  Texas,  Louisiana, 
and  Florida;  casual  in  Cuba,  eastern  Mexico,  and  Nevada;  now  probably  extinct.'' 

There  is  one  living  bird  left.    This  is  in  the  Cincinnati  Zoological  Gardens. 

The  causes  of  the  extermination  of  this  pigeon  are  chiefly  the  greed  of  civilized 
man.  The  destruction  of  forests  within  its  range  greatly  reduced  its  natural  food 
supply,  and  the  killing  (by  netting,  shooting,  clubbing,  etc.)  of  enormous  quantities 
in  the  end  produced  the  same  effect  as  with  the  bison.  When  these  pigeons  were  still 
numerous  great  numbers  were  used  in  trap  shooting. 

In  a  wild  state  the  pigeon  became  extinct  about  the  year  1900— possibly  a  few 
lingered  after  that  date,  yet  Merlon  >  estimates  (p.  92)  that  a  total  of  1,000,000,000 
)  killed  in  the  Michigan  ''nesting''  of  1878.] 


I.— A  DESCRIPTION  OF  THE  WILD  PIGEONS  WHICH  VISIT  THE  SOUTH- 
ERN ENGLISH  COLONIES  IN  NORTH  AMERICA,  DURING  CERTAIN 
YEARS,  IN  INCREDIBLE  MULTITUDES. 

By  Pehb  Kalm  (1759) .» 

In  North  America  there  is  a  species  of  wild  pigeons'  which,  com- 
ing from  the  upper  part  of  the  country,  visits  Pennsylvania  and 
others  of  the  southern  English  settlements  during  some  years,  and 
in  marvelous  multitudes. 

They  have,  however,  already  been  described  and  exceedin^y  well 
illustrated  in  lively  colors  by  the  two  great  ornithologists  and  match- 

1  Readers  wishing  to  panne  the  subject  farther  should  oonsolt  W.  B.  Mersbon's  book,  The  Passenger 
Pigeon,  1907,  New  York,  from  wtakih  the  oolorad  plate  herewith  is  reprodaoed. 

s  Translated  by  8.  M.  Qronberger  from  Kongi.  Vetenskaps-Akademlens  Handlingar,  fOr  ar  1769,  VoL 
20,  Stockhohn,  1750.    Reprinted  by  permission  from  The  Auk,  Vol.  28,  Jan.,  1911. 

•  The  names  giyen  by  ornithologists  and  others  to  these  pigeons  are  as  follows: 
Coiuwba  (maenura)  cauda  cuneiformi  lonya,  peetore  purpurateenU,    linn.  Sjst.  X,  T.  I,  p.  164. 

Oohtmba  macronra.    The  long-taUed  doye.    Edwards's  EUstory  of  Birds,  T.  I,  p.  15, 1. 15. 

Pttiumbui  migratoriut.    The  pigeon  of  passage.    Catesby's  Nat.  Hist  of  Carolina,  Vol.  I,  p.  23,  t.  23. 

DufTor,  Villa  Dufvor  [pigeons,  wild  pigeons],  so  called  by  the  Swedes  in  New  Sweden. 

Pigeons,  wild  pigeons,  by  the  English  in  North  America. 

Tourtes,  by  the  French  in  Canada. 
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less  masters  of  bird  drawing,  Catesby  and  Edwards;  but  as  I  have 
had  occasion  to  notice  with  regard  to  the  description  proper  and 
especially  as  regards  the  living  habits  of  these  pigeons  various  things 
which  these  gentlemen  have  either  left  entirely  unmentioned,  or 
which  at  their  places  of  residence  they  have  not  been  able  properly 
to  ascertain,  it  is  my  desire  to  deliver  a  short  account  of  this  subject 
before  the  Royal  Academy  of  Sciences,  using  the  notes  from  my 
American  diary. 

Although  these  pigeons  have  been  splendidly  illustrated  by  ornith- 
ologists, they  have  not  been  able  to  reproduce  their  beautiful  colors 
in  true  accordance  with  natm^,  in  one  respect,  at  least;  the  color 
indicated  on  either  side  of  the  neck  should  extend  much  higher  up. 
[Technical  descriptions  follow  in  Latin  and  are  here  omitted] 

The  size  of  these  pigeons  is  about  that  of  a  ringdove. 

Their  long  tail  distinguishes  them  from  other*  pigeons. 

The  splendid  color  which  the  male  and  the  female  have  on  the 
sides  of  the  neck  and  even  a  little  beyond  it  is  also  peculiar  in  that 
the  feathers  in  that  region  are  as  if  covered  with  a  finely  resplendent 
copper  [color],  with  a  purple  tint,  which  back  of  the  neck  shifts 
more  into  green,  particularly  with  reference  to  its  position  toward 
the  light.  Rarely  is  this  color  more  finely  reproduced  than  in  this 
bird.  Mr.  Catesby  calls  it  a  golden  color,  but  it  can  hardly  be 
termed  that. 

In  the -copy  of  Mr.  Catesby's  work  which  I  have  seen  both  the 
head  and  the  back  are  of  a  darker  color,  and  the  breast  is  also  of 
a  redder  color  than  the  bird  actually  has.  This  I  could  very  well 
see  when  I  laid  a  recently  killed  male  beside  Mr.  Catesbys  figure, 
as  it  is  the  male  which  is  reproduced  in  his  work.  Mr.  Edward 
[sic]  has  entirely  omitted  the  above-mentioned  copper  color  both 
in  his  description  and  his  figure.  It  may  be  that  some  of  the  young 
ones  do  not  have  it;  but  it  was  found  on  all  those  which  I  have 
handled,  and  which  were  killed  in  the  spring.^ 

Quite  a  nimiber  of  these  pigeons  may  be  seen  every  summer  in 
the  woods  of  Pennsylvania  and  New  Jersey  and  the  adjoining  prov- 
inces, in  which  region  they  live  and  nest;  and  it  is  very  sdidom 
that  a  greater  number  of  them  are  not  observed  there  in  the  spring, 
during  the  months  of  February  and  March,  than  in  the  other  seasons 
of  the  year.  But  there  are  certain  years  when  they  come  to  Penn- 
sylvania and  the  southern  English  provinces  in  such  indescribable 
multitudes  as  literally  to  appall  the  people.  I  did  not,  however, 
have  the  opportunity  of  witnessing  such  personally  (although  the 
spring  of  the  year  1749,  when  I  was  there,  was  considered  as  one  of 
those  in  which  a  greater  number  of  these  pigeons  appeared  than  had 

1  Edwards's  figure  represents  a  distinct  species  oX  another  genus,  namely,  the  Oolumba  {^Zenaidmm) 
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been  the  case  for  some  years  previously;  yet  it  was  not  one  of  the 
particular  or  more  unusual  ones);  but  all  persons  who  had  observed 
these  happenings  and  Uved  long  enough  to  remember  several  of 
them  recited  several  incidents  connected  therewith.  Some  had  even 
made  short  notes  of  various  details,  of  which  I  will  cite  the  following: 

In  the  spring  of  1740,  on  the  11th,  12th,  15th,  16th,  17th,  18th, 
and  22d  of  March  (old  style),  but  more  especially  on  the  Uth,  there 
came  from  the  north  an  incredible  multitude  of  these  pigeons  to 
Pennsylvania  and  New  Jersey.  Their  number,  while  in  flight, 
extended  3  or  4  English  miles  in  length,  and  more  than  1  such  mile 
in  breadth,  and  they  flew  so  closely  together  that  the  sky  and  the 
Sim  were  obscured  by  them,  the  daylight  becoming  sensibly  dimin- 
ished by  their  shadow. 

The  big  as  well  as  the  httle  trees  in  the  woods,  sometimes  covering 
a  distance  of  7  English  miles,  became  so  filled  with  them  that  hardly 
a  twig  or  a  branch  could  be  seen  which  they  did  not  cover;  on  the 
thicker  branches  they  had  piled  themselves  up  on  one  another's  backs, 
quite  about  a  yard  high. 

When  they  alighted  on  the  trees  their  weight  was  so  heavy  that 
not  only  big  limbs  and  branches  of  the  size  of  a  man's  thigh  were 
broken  straight  off,  but  less  firmly  rooted  trees  broke  down  completely 
under  the  load. 

The  groimd  below  the  trees  where  they  had  spent  the  night  was 
entirely  covered  with  their  dung,  which  lay  in  great  heaps. 

As  soon  as  they  had  devoured  the  acorns  and  other  seeds  which 
served  them  as  food  and  which  generally  lasted  only  for  a  day,  they 
moved  away  to  another  place. 

The  Swedes  and  others  not  only  killed  a  great  number  with  shot- 
guns, but  they  also  slew  a  great  quantity  with  sticks,  without  any 
particular  difiiculty;  especially  at  night  they  could  have  dispatched 
as  many  as  their  strength  would  have  enabled  them  to  accomplish, 
as  the  pigeons  then  made  such  a  noise  in  the  trees  that  they  could 
not  hear  whether  anything  dangerous  to  them  was  going  on,  or 
whether  there  were  people  about.  Several  of  the  old  men  assured 
me  that  in  the  darkness  they  did  not  dare  to  walk  beneath  the  trees 
where  the  pigeons  were,  because  all  through  the  night,  owing  to  their 
numbers  and  corresponding  weight,  one  thick  and  heavy  branch  after 
another  broke  asunder  and  fell  down,  and  this  could  easily  have 
injured  a  human  being  that  had  ventured  below. 

About  a  week  or  a  little  later  subsequent  to  the  disappearance  of 
this  enormous  multitude  of  pigeons  from  Pennsylvania  and  New 
Jersey,  a  sea  captain  by  the  name  of  Amies,  who  had  just  arrived  at 
Philadelphia,  and  after  him  several  other  seafaring  men,  stated  that 
they  had  foimd  localities  out  at  sea  where  the  water,  to  an  extent  of 
over  3  French  miles,  was  entirely  covered  by  dead  pigeons  of  this 
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species.  It  was  conjectured  that  the  pigeons,  whether  owing  to  a 
storm,  misty  or  snowfall,  had  been  carried  away  to  the  sea,  and  then 
on  accoimt  of  the  darkness  of  the  following  night  or  from  fatigue, 
had  alighted  on  the  water  and  in  that  place  and  manner  met  their 
fate.  It  is  said  that  from  that  date  no  such  tremendous  numbers  of 
this  species  of  pigeon  have  been  seen  in  Pennsylvania. 

In  the  beginning  of  the  month  of  February,  about  the  year  1729, 
according  to  the  stories  told  by  older  men,  an  equally  countless  mul- 
titude of  these  pigeons  as  the  one  just  mentioned,  if  not  a  still  larger 
niunber,  arrived  in  Pennsylvania  and  New  Jersey.  Even  extremely 
aged  men  stated  that  on  three,  four,  five,  or  several  more  occasions 
in  theh*  lifetime  they  had  seen  such  overwhelming  multitudes  in  these 
places;  and  even  the  parents  of  these  people  had  in  their  turn  told 
them  that  the  same  phenomenon  had  occurred  several  times  during 
their  own  lives;  so  that  11,  12,  or  sometimes  more  years  elapse 
between  each  such  xmusual  visit  of  pigeons. 

From  Lawson's  History  of  Carolina  (p.  141),  I  see  that  in  the  wint^ 
of  1707,  which  was  the  severest  known  in  Carolina  since  it  was  settled 
by  Europeans,  an  equally  awe-inspiring  number  of  these  pigeons  had 
made  an  appearance  in  Carolina  and  the  other  southern  English  set- 
tlements, driven  thith^  by  causes  which  I  will  now  mention. 

The  learned  and  observant  Dr.  Colden  told  me  that  during  his  stay 
in  North  America,  where  he  had  been  since  the  year  1710,  at  his 
country  place,  Coldingham,  situated  between  New  York  and  Albany, 
he  had  on  two  distinct  occasions,  although  at  an  interval  of  several 
years,  witnessed  the  arrival  of  these  pigeons  in  such  great  and  unusual 
numbers  that  during  two  or  three  hours,  while  they  flew  by  his  house, 
the  sky  was  obscured  by  them,  and  that  they  presented  the  appear- 
ance of  a  thick  cloud. 

All  the  old  people  were  of  the  opinion  that  the  months  of  Febru- 
ary and  March  is  the  single  season  of  the  year  when  the  pigeons  swoop 
down  upon  Pennsylvania  and  the  adjacent  English  provinces  in  such 
marvelous  quantities;  at  other  seasons  of  the  year  they  are  not  to 
be  seen  in  any  great  numbers. 

The  cause  of  their  migrations  from  the  upper  part  of  the  country 
in  such  great  quantities  at  this  season  is  twofold — ^first,  when  there  is 
a  failure  of  the  crop  of  acorns  and  other  fruit  in  the  places  where  they 
otherwise  generally  spend  the  winter,  thus  rendering  their  supply  of 
food  insufficient  to  last  until  the  ensuing  siunmer;  and,  second,  and 
chiefly,  when  an  unusually  severe  winter  with  abundant  and  long- 
remaining  snow  happens  to  occur  in  their  customary  winter  haimts, 
thus  covering  the  groimd  and  making  it  impossible  for  them  to  secure 
the  acorns,  beechnuts,  and  other  fruit  and  seeds  on  which  they  otherwise 
feed  at  this  season;  in  such  cases  they  are  forced  to  leave  these  locali- 
ties and  seek  their  food  down  along  the  seacoast,  where  the  winters, 
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owing  to  the  sea  air,  are  always  milder,  and  the  ground  more  and 
earlier  free  from  snow.  Experience  has  shown  that  both  of  these 
circumstances  have  caused  their  migrations  to  take  place  in  such 
great  multitudes. 

A  pecuUar  fact,  and  one  which  older  persons  have  imanimously 
mamtained  to  be  true,  is  that  on  all  occasions  which  they  could 
remember,  when  the  pigeons  appeared  in  such  great  numbers,  there 
had  always  been  dining  the  preceding  autunm,  in  Pennsylvania  and 
adjacent  localities,  an  abimdant  crop  of  acorns  and  other  arboreal 
seeds,  excelling  that  of  several  previous  years;  but  diuing  their  stay 
the  pigeons  had  so  carefully  searched  and  ransacked  all  possible  nooks 
and  comers  that  after  their  departure  it  was  almost  impossible  to 
find  a  single  acorn  in  the  woods. 

Several  extremely  aged  men  also  declared  that  during  their  child- 
hood there  were,  in  summertime,  many  more  of  the  pigeons  in  New 
Sweden  than  there  are  now;  the  cause  of  this  is  that  the  country  is 
at  present  much  more  populous  and  cultivated  and  the  woods  more 
cleared  off,  and  as  a  result  the  pigeons  have  either  been  killed  off  or 
scared  away. 

As  nearly  all  the  inhabitants  of  Pennsylvania  and  the  English  set- 
tlements in  the  South  did  not  quite  know  whence  these  numberless 
swarms  of  pigeons  came  from,  they  entreated  me  to  ascertain,  during 
my  journeys  in  the  interior  of  the  country,  where  so  many  were  to  be 
foxmd  in  summertime,  what  their  food  and  other  economic  require- 
ments were  at  that  time  of  the  year,  ahd  so  on.  During  my  journey 
to  and  within  Canada  I  foimd  the  desired  occasion  of  learning  all  of 
this,  which  I  will  now  briefly  relate. 

When  toward  the  end  of  June,  1749  (new  style),  I  had  left  the 
English  colonies  and  set  out  for  Canada  through  the  wilderness  which 
separates  the  English  and  French  colonies  from  each  other,  and 
which  to  a  great  extent  consists  of  thick  and  lofty  forests,  I  had  an 
opportunity  of  seeing  these  pigeons  in  countless  numbers.  Their 
yoimg  had  at  this  time  left  their  nests,  and  their  great  numbers  darl^- 
ened  the  sky  when  they  occasionally  rose  en  masse  from  the  trees  into 
the  air.  In  some  places  the  trees  were  full  of  their  nests.  The  French- 
men whom  we  met  in  this  place  had  shot  a  great  number  of  them,  and 
of  this  they  gave  us  a  goodly  share.  These  pigeons  kept  up  a  noisy 
murmiuing  and  cooing  soimd  all  night,  during  which  time  the  trees 
were  full  of  them,  and  it  was  difficult  to  obtain  peaceful  sleep  on 
account  of  their  continuous  noise.  In  this  wilderness  we  could  hear 
in  the  nighttime,  during  the  calmest  weather,  big  trfees  collapsing 
in  the  forests,  which,  during  the  silence  of  the  night,  caused  tremendous 
reports;  this  might  in  all  probabihty  be  ascribed  to  the  pigeons,  which, 
according  to  their  custom,  had  loaded  a  tree  down  with  their  numbers 
to  such  an  extent  that  it  broke  down;  although  other  causes  might 
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also  be  foiind,  whereof  more  is  mentioned  in  the  third  volume  of  my 
American  Journey.  The  additional  observations  which  I  had  occa- 
sion to  make  as  to  their  economy  and  manner  of  life  during  my  stay 
in  North  America,  both  in  Canada,  the  wilderness  of  the  English  colo- 
nies, and  in  the  land  of  the  savages,  are  as  follows: 

The  birds  spend  the  entire  summer  in  Canada,  and  particularly  do 
they  nest  in  the  vast  wild  forests  and  wastes  which  abound  there, 
where  no  men  are  to  be  found  and  where  seldom  any  human  being 
ventures.  When  in  summer  a  person  travels  through  these  forests 
he  might  easily  become  terrified  by  the  enormous  number  of  these 
birds,  which  in  some  places  almost  entirely  cover  the  branches  of  the 
trees,  and  when  taking  wing  obscure  the  sky.  These  pigeons  have, 
however,  their  distinct  boundaries,  outside  of  which  they  do  not  often 
venture;  as,  for  example,  somewhat  south  of  Bay  St.  P^ul,  which  is 
20  French  miles  north  of  Quebec,  not  very  many  of  them  nest  in  the 
woods;  and  the  cause  of  this  is  said  to  be  that  the  oak  and  the  beech 
tree,  which  supply  them  with  their  principal  food,  are  here  arrested 
in  their  growth,  and  grow  no  farther  north. 

In  forests  where  there  are  human  settlements,  or  where  the  country 
is  inhabited,  only  a  few  are  to  be  seen;  and  as  the  land  is  being  gradu- 
ally cultivated  by  man  the  pigeons  move  farther  away  into  the  wilder- 
ness. It  is  maintained  that  the  cause  of  this  is  partly  that  their 
nests  and  young  are  disturbed  by  boys,  partly  their  own  sense  of  a 
lack  of  safety,  and  finally  that  during  a  great  part  of  the  year  their 
food  is  shared  by  the  swine. 

They  build  their  nests  in  high  trees,  pine  trees  as  well  as  deciduous 
ones;  often  as  many  as  40  or  50  nests  are  to  be  found  in  the  same 
tree. 

Some  maintain  that  they  raise  two  broods  of  young  every  summer. 

In  places  where  they  nest  in  abundance  the  ground  is  often  covered 
with  their  droppings  to  a  thickness  of  1  to  2  feet. 

While  these  birds  are  hatching  their  young,  or  while  the  latter 
are  not  yet  abl^  to  fly,  the  savages  or  Indians  in  North  America 
are  in  the  habit  of  never  shooting  or  killing  them,  nor  of  allowing 
others  to  do  so,  pretending  that  it  would  be  a  great  pity  on  their 
young,  which  would  in  that  case  have  to  starve  to  death.  Some 
of  the  Frenchmen  told  me  that  they  had  set  out  ¥dth  the  intention 
of  shooting  some  of  them  at  that  season  of  the  year,  but  that  the 
savages  had  at  first  with  kindness  endeavored  to  dissuade  them 
from  such  a  purpose,  and  later  added  threats  to  their  entreaties 
when  the  latter  were  of  no  avail. 

In  Canada  it  is  almost  everywhere  the  custom  for  young  farm 
hands  and  boys  to  investigate  where  the  pigeons  have  their  nests, 
and  as  soon  as  the  young  are  able  to  fly  they  are  taken  from  the 
nest  and  brought  to  the  farm,  where  they  are  afterwards  kept  in 
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suitaUe  quarters  and  industriously  fed,  whereupon  they  are  killed 
and  eaten.  To  make  doubly  sure  that  they  do  not  escape,  one 
of  their  wings  is  generally  cut  short,  so  that  even  in  case  they  do 
get  out  they  can  not  fly  away.  Such  nestlings  have  a  good  appetite, 
thrive  comfortably,  become  quite  tame,  and  within  a  short  time,  if 
well  taken  care  of,  accumulate  so  much  fat  that  they  afford  a  most 
palatable  dish. 

For  food  these  pigeons  select  the  following  fruits,  which  I  will 
name  in  the  order  that  they  mature : 

Seeds  of  the  red-flowered  maple  (Acer);  these  mature  in  Penn- 
sylvania at  the  end  of  May,  but  somewhat  later  farther  north. 

Seeds  of  the  American  elm  (Ulmus  americana);  these  mature  in 
Pennsylvania  in  the  beginning  or  middle  of  June,  but  farther  north 
somewhat  later.  When  on  our  journey  through  the  wilds  between 
Albany  and  Canada  we  cut  up  some  of  the  pigeons  which  the  French 
had  shot  and  given  us,  their  crops  were  generally  found  to  be  full  of 
elm  seeds. 

Mulberries,  which  ripen  in  Pennsylvania  in  the  banning  of  June 
(new  style),  are  relished  by  these  pigeons  almost  above  everything 
else.  During  my  stay  in  the  last-mentioned  locaUty,  in  1750,  I 
noticed  that  as  soon  as  the  mulberries  became  ripe  the  pigeons  put 
in  their  appearance  in  great  numbers.  Wherever  a  mulberry  tree 
grew  wild  it  was  at  this  time  generally  full  of  pigeons,  which  devoured 
the  berries.  They  often  caused  me  much  vexation,  because  if  I  had 
located  a  mulberry  tree  in  the  woods  ¥dth  the  intention  of  securing 
seeds  when  the  berries  became  ripe  and  it  should  happen  that  I  did 
not  watch  out  for  the  proper  time,  the  pigeons  had  generally,  in  the 
meanwhile,  been  so  industrious  in  their  picking  that  on  my  arrival 
scarcely  a  single  berry  was  left.  If  some  of  them  were  shot  the  others 
generaUy  flew  away  a  Uttle  distance,  but  returned  within  a  few 
minutes  to  the  same  mulberry  tree;  so  that  a  person  who  owned 
such  trees  found  no  difficulty  to  obtain  daily  a  sufficient  quantity  of 
choice  meat  as  long  as  the  mulberries  lasted. 

They  consume  all  kinds  of  grain  with  the  single  exception  of  com, 
which  is  left  imtouched  by  them,  although  it  has  other  enemies. 
I  noticed  that  they  were  particularly  fond  of  the  following  kinds  of 
grain: 

They  ate  rye,  although  not  with  particular  avidity,  but  rather 
as  if  in  the  absence  of  something  else  more  palatable.  Some  persons 
assured  me  that  they  had  seen  with  their  own  eyes  how  these  pigeons, 
during  summer  time,  when  they  had  come  to  a  ripe  wheat  field, 
alighted  on  the  fences,  vomited  up  the  rye  on  which  they  had  pre- 
viously feasted,  and  then  swooped  down  upon  the  wheat  field,  where 
they  gorged  their  crops  with  wheat,  as  being  more  appetizing. 
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Wheat  is  one  of  their  most  coveted  foods,  which  may  be  seen 
from  what  has  ahready  been  stated,  as  well  as  from  many  another 
experience.  As  soon  as  the  wheat  fields  become  ripe  they  swoop 
down  on  them  in  enormous  numbers  and  take  considerable  toll 
of  them.  When  the  wheat  is  stacked  up  in  the  fidid  they  also  visit 
it  and  devour  all  too  much  of  it,  if  they  should  happen  to  be  in  the 
least  hungry.  In  the  fall,  when*  the  wheat  is  recently  sown,  they 
alight  in  full  force  in  the  fields  and  not  only  pick  up  the  grains  which 
are  more  or  less  in  broad  daylight  but  also  poke  up  those  which  the 
plow  has  not  sunk  sufficiently  deep.  In  order  to  prevent  such  a 
damage  boys  as  well  as  others  are  seen  at  this  season  of  the  year 
running  aroxmd  armed  with  guns  and  other  "contraptions"  to  kill  or 
scare  th^n  away.  On  such  occasions,  however,  they  are  not  in 
general  particularly  timid,  especially  the  young  ones,  so  that  when 
a  few  of  them  have  been  shot  at  a  stack  the  others  oftentimes  fly 
away  only  a  short  distance  to  another  stack,  and  hence  the  gunner, 
albeit  he  has  made  some  lucky  shots,  generally  becomes  exhausted 
before  the  birds  become  scared.  In  Pennsylvania  th's  species  of 
grain,  as  well  as  the  rye,  commonly  ripens  about  midsummer  (old  style) 
and  sometimes  earUer,  but  farther  north  it  ripens  later. 

Buckwheat  they  are  also  very  fond  of,  and  levy  considerable 
tribute  on  it.  Tlie  buckwheat  matures  in  Pennsylvania  in  the 
middle  of  September  (old  style). 

The  berries  of  the  tupelo  or  sour-gum  tree  (Nyssa)  they  also 
consume  with  great  avidity.  In  Pennsylvania  these  ripen  in  Sep- 
tember.   This  tree  does  not  grow  in  Canada. 

Most  forests  in  North  America  consist  of  oak,  of  which  arboreal 
genus  there  are  several  species;  of  these  the  greater  part  have  nearly 
every  year  a  great  number  of  acorns  which  in  the  autumn  fall  oflf  in 
such  quantities  that  quite  often  the  ground  below  the  oaks  is  covered 
by  them  one  h^d  high  and  sometimes  more.  These  serve  as  food 
for  several  kinds  of  animals  and  birds,  as,  for  instance,  squirrels  of 
several  species,  forest  mice,  wild  pigeons,  etc.,  in  addition  to  which, 
in  places  inhabited  by  Eiux)peans,  they  serve  as  the  staple  food  of 
hogs  during  the  greater  part  of  the  year.  During  certain  years  the 
numberless  swarms  of  wild  pigeons  already  described  come  to  Penn- 
sylvania and  the  other  English  provinces  in  search  of  these  acorns. 
In  Pennsylvania  and  other  localities  in  North  America  the  acorns 
mature  in  September  and  the  following  months. 

They  are  also  very  fond  of  beechnuts.  There  is  a  great  abimdance 
of  beech  trees  in  Canada,  but  farther  south  they  grow  somewhat  more 
sparsely.  In  Canada  the  nuts  become  ripe  in  the  middle  of  Sep- 
tember. These,  together  with  acorns,  constitute  the  principal  food 
of  the  pigeons  during  the  entire  latter  part  of  the  fall  and  throughout 
the  winter. 
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In  addition  to  the  kinds  already  enumerated,  they  also  consume 
various  other  seeds  and  berries  of  trees  and  plants  which  grow  in 
this  country. 

The  trees  above  referred  to,  the  seeds  and  berries  of  which  the 
pigeons  are  so  fond  of,  grow  in  the  forests  of  North  America  neariy 
everywhere  in  great  abimdance.  In  a  good  many  places,  especially 
farther  inland,  oaks,  elms,  beeches,  and  the  red-flowered  maple  con- 
stitute almost  alone,  with  the  addition  of  the  walnut  tree,  the  entire 
forest  tract.  Thus  it  will  be  seen  how  the  all-wise  Creator,  even  in 
the  case  of  these  birds,  has  so  wisely  adapted  the  size  of  the  food  sup- 
ply to  the  number  of  mouths  to  be  fed. 

I  have  also  observed  that  the  pigeons  have  a  special  fondness 
for  the  kmd  of  soil  which  is  much  mixed  with  common  salt  [alka- 
line deposits];  this  soil  serves  them  as  food,  as  a  spice  to  blend  with 
the  food,  or  for  its  medical  properties,  I  do  not  know  which.  At 
the  salt  springs  of  Onondi^  [sic],  in  the  tribe  of  the  Iroquois  Indians, 
where  the  soil  is  so  strongly  mixed  with  salt  that  the  ground  during 
a  severe  drought  becomes  entirely  covered  with  it  and  as  white  as 
frost,  making  it  impossible  for  plants  to  grow,  I  noticed  with  aston- 
ishment, in  the  month  of  August,  1750,  how  covetous  the  pigeons 
were  of  this  kind  of  soil.  The  savages  in  Onondago  had  built  their 
huts  on  the  sides  of  this  salt  field,  and  here  they  had  erected  sloping 
nets  with  a  cord  attachment  leading  to  the  huts  where  they  were 
sitting;  when  the  pigeons  arrived  in  swarms  to  eat  of  this  salty  soil, 
the  savages  pulled  the  cords,  inclosing  them  in  the  net,  and  thus  at 
once  secured  the  entire  flock.  At  certain  times,  when  they  came  in 
such  numbers  that  the  ground  could  hardly  be  seen  for  them,  the 
savages  found  it  more  advisable  to  use  a  gun,  as  by  a  single  discharge 
of  birdshot  they  could  sometimes  kill  as  many  as  50  or  more;  and 
this  proved  a  splendid  source  of  food  supply. 

These  wild  pigeons  fly  in  the  same  manner  as  other  pigeons;  and 
as  soon  as  they  have  alighted  in  a  tree  or  other  place  they  have  a 
habit  of  making  a  clapping  soimd  with  their  wings  which,  according 
to  some,  is  a  signal  for  all  the  others  to  alight.  At  times,  and  when 
they  havfi  had  sufficient  food,  they  are  quite  timid,  especially  the 
old  birds.  Therefore,  when  one  wishes  to  shoot  them  it  is  best  to 
walk  to  and  fro  among  them,  on  the  groimd,  as  if  one  did  not  see 
them;  then  they  are  not  so  timid,  nor  do  they  take  wing  so  soon. 

In  the  vast  forests  of  Canada  they  remain  to  the  end  of  August 
or  b^inning  of  September  (new  style);  i.  e.,  until  the  grain  has 
been  stored  for  the  winter.  A  great  number,  however,  remain  until 
late  in  the  autumn,  when  the  first  snow  begins  to  fall,  which  finally 
drives  them  all  away.  As  their  food  mostly  consists  of  acorns, 
beechnuts,  and  the  seeds  and  fruits  of  other  trees  which  become 
hidden  imder  the  snow,  they  are  obliged  to  leave  these  places  and 
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betake  themselyes  farther  south,  idiere  the  ground  is  bare  all  winter. 
Not  one  of  them  remains  in  Canada  throughout  the  winter;  but  they 
generally  spend  this  season  in  the  vast  forests  of  the  Illinois,  who 
live  at  about  the  same  latitude  as  Pennsylvania  and  Viiginia.  Hiey 
do  not  willingly  migrate  toward  the  seaboard,  where  the  country 
has  been  ext^isively  cultivated  by  the  English,  and  the  forests  are 
much  cut  down;  partly  because  they  can  not  there  secure  a  sufficient 
food  supply,  and  partly  to  avoid  running  the  risk  of  getting  killed 
by  the  niunber  of  people  and  gunners  in  that  section.  They  preter 
the  vast  and  dense  forests  in  the  interior  of  the  coimtry,  where  there 
are  no  human  habitations  for  many  miles  aroimd.  But  should  it 
happen  during  a  certain  year  that  there  is  a  failure  of  the  crop  of 
acorns  or  other  food  suitable  for  them,  or  an  imusually  severe  winter 
with  great  snowfall  sets  in,  which  to  some  extent  covers  the  groimd, 
then  they  are  forced  to  leave  their  usual  winter  quarters  and  seek 
their  way  to  the  English  settlements  down  the  seaboard.  It  is  on 
these  occasions  that  they  swarm  into  Pennsylvania  in  such  enor- 
mous numbers;  but  as  soon  as  the  weather  changes  a  little  and  be- 
comes milder,  they  again  retire  farther  inland.  Here  they  remain 
until  the  last  snow  disappears  in  the  spring. 

As  the  snow  gradually  melts  away  in  the  spring  the  pigeons  migrate 
farther  and  farther  north  and  when  northern  Canada  is  free  from 
snow,  which  generally  occurs  toward  the  end  of  April  or  the  beginning 
of  May,  the  pigeons  arrive  in  their  old  haimts  and  commence  their 
mating,  nesting,  hatching  of  eggs,  and  the  rearing  of  their  young,  etc. 

The  French  in  Canada,  who  annually  catch  a  number  of  young 
pigeons  alive  which  they  thereafter  rear  at  their  homes,  have  taken 
much  pains  to  tame  these  birds,  although  with  but  little  success. 
It  is  very  easy,  when  they  are  kept  in  suitable  quarters,  to  make  them 
^  tame  as  to  feed  from  one's  hands,  in  the  manner  of  any  other 
domesticated  pigeon;  but  as  soon  as  they  are  let  out  into  the  open 
hardly  a  few  days  pass  before  they  fly  away  to  the  woods,  nevermore 
to  return.  It  was,  however,  emphatically  asserted  that  some  had 
succeeded  in  taming  them  to  the  same  extent  as  the  domesticated 
pigeons. 

As  they  fly  in  great  flocks  and  keep  dose  together,  wlbetheron 
the  wing,  on  the  ground,  or  in  the  trees,  so  poor  a  marksman  as  to 
fail  to  make  a  hit  is  difficult  to  find.  Several  persons  told  me  that 
a  man  who  lived  at  Schenectady,  between  Albany  and  Col.  John- 
son's farm,  had  killed  150  of  these  birds  with  two  discharges  of  bird- 
shot,  and  in  Canada  there  are  said  to  have  been  several  cases  where 
130  had  been  killed  in  a  single  shot. 

Their  flesh  is  a  delight  to  the  epicure,  and  especially  is  the  meat 
of  the  yoimg  pigeons  scarcely  second  in  delicacy  to  that  of  any  other 
bird. 
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The  great  French  Admiral  Marquis  de  la  Gkdissonielre,  who  in 
deep  knowledge  of  various  sciences,  but  especially  in  natural  history 
and  its  advancement,  has  had  or  has  very  few  equals,  and  who  at 
the  time  of  my  arrival  in  Canada  occupied  the  office  of  Governor 
General  of  that  coimtry,  told  me  that  he  had  once  brought  with  him 
several  of  these  pigeons  from  Canada  to  France,  and  that  he  had 
allowed  them  to  escape  in  the  French  forests.  At  this  time  he  had 
again  collected  a  great  number  of  live  birds  which,  in  the  fall  of  1749, 
he  brought  with  him  to  France,  inclosed  in  large  cages,  in  order  to 
set  them  free  in  the  woods  upon  his  safe  arrival  there,  with  the 
intention  of  introducing  this  handsome  as  well  as  useful  American 
bird  into  Europe. 

In  addition  to  the  authors  referred  to  above,  the  following  learned 
men  have  also  mentioned  something  in  their  writings  concerning 
these  pigeons:  P.  de  Charlevoix,  Histoire  de  la  Nouvelle  France, 
vol.  5,  pp.  251-252;  Salmon's  Modem  History,  vol.  3,  p.  440;  Wil- 
liams's Key  into  the  Language  of  America,  p.  91.  Others  whose 
works  I  have  not  had  the  opportunity  of  seeing  may  also  have  men- 
tioned something  concerning  this  subject,  but  they  have  at  least  re- 
lated nothing  of  any  particular  value. 

II.— THE  PASSENGER  PIGEON. 
By  John  Jambs  Audubon  (1831).* 

The  passenger  pigeon,  or,  as  it  is  usually  named  in  America,  the 
wild  pigeon,  moves  with  extreme  rapidity,  propelling  itself  by  quickly 
repeated  flaps  of  the  wings,  which  it  brings  more  or  less  near  to  the 
body,  according  to  the  degree  of  velocity  which  is  required.  Like  the 
domestic  pigeon,  it  often  flies,  during  the  love  season,  in  a  circling 
manner,  supporting  itself  with  both  wings  angularly  elevated,  in  which 
position  it  keeps  them  until  it  is  about  to  alight.  Now  and  then, 
during  these  circular  flights,  the  tips  of  the  primary  quills  of  each 
wing  are  made  to  strike  against  each  other,  producing  a  smart  rap, 
which  may  be  heard  at  a  distance  of  30  or  40  yards.  Before  alighting, 
the  wild  pigeon,  like  the  Carolina  parrot  and  a  few  other  species  of 
birds,  breaks  the  force  of  its  flight  by  repeated  flappings,  as  if  appre- 
hensive of  receiving  injuiy  from  coming  too  suddenly  into  contact 
with  the  branch  or  the  spot  of  ground  on  which  it  intends  to  settle. 

I  have  commenced  my  description  of  this  species  with  the  above 
accoimt  of  its  flight,  because  the  most  important  facts  connected  with 
its  habits  relate  to  its  migrations.  These  are  entirely  owing  to  the 
necessity  of  procuring  food,  and  are  not  performed  with  the  view  of 
escaping  the  severity  of  a  northern  latitude,  or  of  seeking  a  southern 

1  OmUholosieftl  Biogrhptj,  voL  1, 1831,  pp.  819-827. 
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one  for  the  purpose  of  hreedmg.  They  consequently  do  not  take 
place  at  any  fixed  period  or  season  of  the  year.  Indeed,  it  sometimes 
happens  that  a  continuance  of  a  sufficient  supply  of  food  in  one  dis- 
trict will  keep  these  birds  absent  from  another  for  years.  I  know,  at 
least,  to  a  certainty  that  in  Kentucky  they  remained  for  several  years 
constantly,  and  were  nowhere  else  to  be  found.  They  all  suddenly 
disappeared  one  season  when  the  mast  was  exhausted,  and  did  not 
return  for  a  long  period  Similar  facts  have  been  observed  in  other 
States. 

Their  great  power  of  flight  enables  them  to  survey  and  pass  over  an 
astonishing  extent  of  countiy  in  a  very  short  time.  This  is  proved  by 
facts  well  known  in  America.  Thus,  pigeons  have  been  killed  in  the 
neighborhood  of  New  York,  with  their  crops  fuU  of  rice,  which  they 
must  have  collected  in  the  fields  of  Georgia  and  Carolina,  these  dis- 
tricts being  the  nearest  in  which  they  could  |>08sibly  have  procured 
a  supply  of  that  kind  of  food.  As  their  power  of  digestion  is  so  great 
that  they  will  decompose  food  entirely  in  12  hours,  they  must  in  this 
case  have  traveled  between  300  and  400  miles  in  6  hours,  which  shows 
their  speed  to  be  at  an  average  about  1  mile  in  a  minute.  A  velocity 
such  as  this  would  enable  one  of  these  birds,  were  it  so  inclined,  to 
visit  the  European  Continent  in  less  than  three  days. 

This  great  power  of  flight  is  seconded  by  as  great  a  power  of  vision, 
which  enables  them,  as  they  travel  at  that  swift  rate,  to  inspect  the 
country  below,  discover  their  food  with  facility,  and  thus  attain  the 
object  for  which  their  journey  has  been  undertaken.  This  I  have  also 
proved  to  be  the  case,  by  having  observed  them,  when  passing  over  a 
sterile  part  of  the  countiy,  or  one  scantily  furnished  with  food  suited 
to  them,  keep  high  in  the  air,  flying  with  an  extended  front,  so  as  to 
enable  them  to  survey  hundreds  of  acres  at  once.  On  the  contrary, 
when  the  land  is  richly  covered  with  food,  or  the  trees  abundantly 
hung  with  mast,  they  fly  low,  in  order  to  discover  the  part  most 
plentifully  supplied. 

Their  body  is  of  an  elongated  oval  form,  steered  by  a  long  well- 
plumed  tail,  and  propdled  by  well-set  wings,  the  muscles  of  which 
are  very  large  and  powerful  for  the  size  of  the  bird.  When  an  indi- 
vidual is  seen  ^ding  through  the  woods  and  close  to  the  observer,  it 
passes  like  a  thought,  and  on  trying  to  see  it  again,  the  eye  searches  in 
vain;  the  bird  is  gone. 

The  multitudes  of  wild  pigeons  in  our  woods  are  astonishing.  In- 
deed, after  having  viewed  them  so  oft^i,  and  under  so  many  cir- 
cumstances, I  even  now  feel  inclined  to  pause  and  assure  myself  that 
what  I  am  going  to  relate  is  fact.  Yet  I  have  seen  it  all,  and  that 
too,  in  the  company  of  persons  who,  like  myself,  were  struck  with 
amazement. 
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In  the  autumn  of  1813, 1  left  mj  house  at  HendoBon,  on  the  banks 
of  the  Ohio,  on  my  way  to  Loiusville.  In  passing  over  the  BarrenSi  a 
few  miles  beyond  Hardinsburg,  I  observed  the  pigeons  flying  from 
northeast  to  southwest  in  greater  numbers  than  I  thought  I  had  ever 
seen  them  before,  and  feding  an  inclination  to  coimt  the  flocks  that 
might  pass  within  the  reach  of  my  eye  in  one  hour,  I  dismounted, 
seated  myself  on  an  eminence,  and  began  to  mark  with  my  pencil, 
making  a  dot  for  every  flock  that  passed.  In  a  short  time  finding  the 
task  which  I  had  undertaken  impracticable,  as  the  birds  poured  in  in 
countless  multitudes,  I  rose,  and  coimting  the  dots  then  put  down, 
foimd  that  163  had  been  made  in  21  minutes.  I  traveled  on,  and  still 
met  more  the  farther  I  proceeded.  The  air  was  literally  filled  with 
pigeons;  the  light  of  noonday  was  obscured  as  by  an  eclipse;  the  dung 
fell  in  spots,  not  imlike  melting  flakes  of  snow;  and  the  continued  buzz 
of  wings  had  a  tendency  to  lull  my  senses  to  repose. 

Whilst  waiting  for  dhmer  at  Young's  inn,  at  the  confluence  of  Salt- 
River  with  the  Ohio,  I  saw,  at  my  leisure,  immense  legions  still  going 
by  with  a  front  reaching  far  beyond  the  Ohio  on  the  west,  and  the 
beechwood  forests  directly  on  the  east  of  me.  Not  a  single  bird 
alighted;  for  not  a  nut  or  acorn  was  that  year  to  be  seen  in  the  neigh- 
borhood. They  consequently  flew-so  high,  that  different  trials  to  reach 
them  with  a  capital  rifle  proved  ineffectual;  nor  did  the  reports  dis- 
turb them  in  the  least.  I  can  not  describe  to  you  the  extreme  beauty 
of  their  aerial  evolutions,  when  a  hawk  chanced  to  press  upon  the  rear 
of  a  flock.  At  once,  like  a  torrent,  and  with  a  noise  like  thunder,  they 
rushed  into  a  compact  mass,  pressing  upon  each  other  toward  the 
center.  In  these  almost  solid  masses,  they  darted  forward  in  imdula- 
ting  and  angular  lines,  descended  and  swept  close  over  the  earth  with 
inconceivable  velocity,  mounted  perpendicularly  so  as  to  resemble  a 
vast  column,  and,  when  high,  were  seen  wheeling  and  twisting  within 
their  continued  lines,  which  then  resembled  the  coils  of  a  gigantic 
serpent. 

Before  sunset  I  reached  Louisville,  distant  from  Hardinsburg  55 
miles.  The  pigeons  were  still  passing  in  undiminished  niunbers,  and 
continued  to  do  so  for  three  days  in  succession.  The  people  were  all  in 
arms.  The  banks  of  the  Ohio  were  crowded  with  men  and  boys,  inces- 
santly shooting  at  the  pilgrims,  which  there  flew  lower  as  they  passed 
the  river.  Multitudes  were  thus  destroyed.  For  a  week  or  more,  the 
population  fed  on  no  other  flesh  than  that  of  pigeons,  and  talked  of 
nothing  but  pigeons.  The  atmosphere,  during  this  time,  was  strongly 
impregnated  with  the  peculiar  odor  which  emanates  from  the  species. 

It  is  extremely  interesting  to  see  flock  after  flock  performing  exactly 
the  same  evolutions  which  had  been  traced,  as  it  were,  in  the  air  by  a 
preceding  flock.  Thus,  should  a  hawk  have  charged  on  a  group  at  a 
certain  spot,  the  angles,  curves,  and  imdulations  that  have  been 
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described  by  the  birds,  in  their  efforts  to  escape  from  the  dreaded 
talons  of  the  plimderer,  are  undeviatingly  followed  by  the  next  group 
that  comes  up.  Should  the  bystander  happen  to  witness  one  of 
these  affrays,  and,  struck  with  the  rapidity  and  elegance  of  the 
motions  exhibited,  feel  desirous  of  seeing  them  repeated,  his  wishes 
will  be  gratified  if  he  only  remain  in  the  place  until  the  next  group 
comes  up. 

It  may  not,  perhaps,  be  out  of  place  to  attempt  an  estimate  of  the 
nimiber  of  pigeons  contained  in  one  of  those  mighty  flocks,  and  of 
the  quantity  of  food  daily  consumed  by  its  members.  The  inquiry 
will  tend  to  show  the  astonishing  bounty  of  the  great  Author  of 
Nature  in  providing  for  the  wants  of  His  creatiu-es.  Let  us  take  a 
column  of  1  mile  in  breadth,  which  is  far  below  the  ayerage  size,  and 
suppose  it  passing  over  us  without  interruption  for  three  hours,  at 
the  rate  mentioned  above  of  1  mile  in  the  minute.  This  will  give 
us  a  parallelogram  of  180  miles  by  1,  covering  180  square  miles. 
Allowing  2  pigeons  to  the  square  yard,  we  have  1,115,136,000  pigeons 
in  one  flock.  As  every  pigeon  daily  consimies  fully  half  a  pint  of 
food,  the  quantity  necessary  for  supplying  this  vast  multitude  must 
be  8,712,000  bushels  per  day. 

As  soon  as  the  pigeons  discover  a  sufficiency  of  food  to  entice 
them  to  alight,  they  fly  round  in  circles,  reviewing  the  country 
below.  Duiiog  their  evolutions,  on  such  occasions,  the  dense  mass 
which  they  form  exhibits  a  beautiful  appearance,  as  it  changes  its 
direction,  now  displaying  a  gUstening  sheet  of  azure,  when  the  backs 
of  the  birds  come  simultaneously  into  view,  and  anon,  suddenly  pre- 
senting a  mass  of  rich  deep  purple.  They  then  pass  lower,  over  the 
woods,  and  for  a  moment  are  lost  among  the  foliage,  but  again 
emerge,  and  are  seen  gliding  aloft.  They  now  alight,  but  the  next 
moment,  as  if  suddenly  alarmed,  they  take  towing,  producing  by  the 
flappings  of  their  wings  a  noise  like  the  roar  of  distant  thunder,  and 
sweep  through  the  forests  to  see  if  danger  is  near.  Hunger,  however, 
soon  brings  them  to  the  ground.  "When  alighted,  they  are  seen  indus- 
triously throwing  up  the  withered  leaves  in  quest  of  the  fallen  mast. 
The  rear  ranks  are  continually  rising,  passing  over  the  main  body, 
and  alighting  in  front,  in  such  rapid  succession,  that  the  whole  flock 
seems  still  on  the  wing.  The  quantity  of  ground  thus  swept  is  astonish- 
ing, and  so  completely  has  it  been  cleared,  that  the  gleaner  who 
might  follow  in  their  rear  would  find  his  labor  completely  lost. 
Whilst  feeding,  their  avidity  is  at  times  so  great  that  in  attempting 
to  swallow  a  large  acorn  or  nut  they  are  seen  gasping  for  a  long 
while,  as  if  in  the  agonies  of  suffocation. 

On  such  occasions,  when  the  woods  are  filled  with  these  pigeons, 
they  are  killed  in  immense  numbers,  although  no  apparent  diminu- 
tion ensues.    About  the  middle  of  the  day,  after  their  repast  is  finished, 
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they  settle  on  the  trees,  to  enjoy  rest,  and  digest  their  food.  On  the 
groimd  they  walk  with  ease,  as  well  as  on  the  branches,  frequently 
jerking  their  beautiful  tail,  and  moTing  the  neck  backward  and  for- 
ward in  the  most  graceful  manner.  As  the  sun  begins  to  sink 
beneath  the  horizon,  they  depart  en  masse  for  the  roosting  place, 
which  not  unfrequently  is  himdreds  of  miles  distant,  as  has  been 
ascertained  by  persons  who  have  kept  an  account  of  their  arrivals 
and  departures. 

Let  us  now,  kind  reader,  inspect  their  place  of  nightly  rendezvous. 
One  of  these  ciuious  roosting  places,  on  the  banks  of  the  Green  River 
in  Kentucky,  I  repeatedly  visited.  It  was,  as  is  always  the  case,  in 
a  portion  of  the  forest  where  the  trees  were  of  great  magnitude,  and 
where  there  was  little  underwood.  I  rode  through  it  upward  of  40 
miles,  and,  crossing  it  in  different  parts,  found  its  average  breadth 
to  be  rather  more  than  3  miles.  My  first  view  of  it  was  about  a  fort- 
night subsequent  to  the  period  when  they  had  made  choice  of  it, 
and  I  arrived  there  nearly  two  hours  before  sunset.  Few  pigeons 
were  then  to  be  seen,  but  a  great  number  of  persons,  with  horses  and 
wagons,  guns  and  ammunition,  had  already  established  encamp- 
ments on  the  borders.  Two  farmers  from  die  vicinity  of  Russell- 
ville,  distant  more  than  100  miles,  had  driven  upward  of  300  hogs 
to  be  fattened  on  the  pigeons  which  were  to  be  slaughtered.  Here 
and  there,  the  people  employed  in  plucking  and  salting  what  had 
already  been  procured,  were  seen  sitting  in  the  midst  of  large  piles  of 
these  birds.  The  dung  lay  several  inches  deep,  covering  the  whole 
extent  of  the  roosting  place,  Uke  a  bed  of  snow.  Many  trees  2  feet 
in  diameter,  I  observed,  were  broken  off  at  no  great  distance  from 
the  ground,  and  the  branches  of  many  of  the  largest  and  tallest  had 
given  way,  as  if  the  forest  had  been  swept  by  a  tornado.  Everything 
proved  to  me  that  the  nxmiber  of  birds  resorting  to  this  part  of  the 
forest  must  be  immense  beyond  conception.  As  the  period  of  their 
arrival  approached,  their  foes  anxiously  prepared  to  receive  them. 
Some  were  furnished  with  iron  pots  contaming  sulphur,  others  with 
torches  of  pine  knots,  many  with  poles,  and  the  rest  with  guns.  The 
Sim  was  lost  to  our  view,  yet  not  a  pigeon  had  arrived.  Eveiything 
was  ready,  and  all  eyes  were  gazing  on  the  dear  sky,  which  appeared 
in  glimpses  amidst  the  tall  trees.  Suddenly  there  burst  forth  a  gen- 
eral cry  of  "  Here  they  comel"  The  noise  which  they  made,  though 
yet  distant,  reminded  me  of  a  hard  gale  at  sea  passing  through  the 
rigging  of  a  dose-reefed  vessd.  As  the  birds  arrived,  and  passed 
over  me,  I  f  dt  a  current  of  air  that  surprised  me.  Thousands  were 
soon  knocked  down  by  the  pole  men.  The  birds  continued  to  pour 
in.  The  fires  were  lighted,  and  a  magnificent,  as  well  as  wonderful 
and  almost  terrifying  sight  presented  itself.  The  pigeons,  arriving 
by  thousands,  alighted  everywhere,  one  above  another,  until  solid 
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masses  as  large  as  hogsheadS;  were  formed  on  the  branches  all  romuL 
Here  and  there  the  perches  gave  way  undor  the  wd^t  with  a  crash, 
and  falling  to  the  ground,  destroyed  himdreds  of  the  birds  beneath, 
forcing  down  the  dense  groups  with  which  every  stick  was  loaded.. 
It  was  a  scene  of  uproar  and  confusion.  I  foimd  it  quite  usdess  to 
speak,  or  even  to  shout  to  tihoee  persons  who  were  nearest  to  me. 
Even  the  reports  of  the  guns  were  seldom  heard,  and  I  was  made 
aware  of  the  firing  only  by  seeing  the  shooters  reloading. 

No  one  dared  venture  within  the  Hne  of  devastation.  The  hogs 
had  been  penned  up  in  due  time,  the  picking  up  of  the  dead  and 
woimded  being  left  for  the  next  morning's  employment.  The  pigeons 
were  c<H)stantly  coming,  and  it  was  past  midni^t  before  I  perceived 
a  decrease  in  tiie  number  of  those  that  arrived.  The  uproar  con- 
tinued the  whole  night,  and  as  I  was  anxious  to  know  to  what  distance 
the  sound  reached,  I  sent  off  a  man  accustomed  to  perambulate  the 
forest,  who,  returning  two  hours  afterwards,  informed  me  he  had 
heard  it  distinctly  when  3  miles  from  the  spot.  Toward  the  approach 
of  day,  the  noise  in  some  measure  subsided;  long  before  objects  were 
distinguiflhable,  the  pigeons  began  to  move  off  in  a  direction  quite 
different  from  that  in  which  they  had  arrived  the  evening  before,  and 
at  sunrise  all  that  were  able  to  fly  had  disappeared.  The  bowlings  of 
the  wolves  now  readied  our  ears,  and  the  foxes,  lynxes,  cougars, 
bears,  raccoons,  opossums  and  polecats  were  seen  sneaking  off,  whilst 
eagles  and  hawks  of  different  species,  accompanied  by  a  crowd  of 
vultures,  came  to  supplant  them,  and  enjoy  their  share  of  the  spc^L 

It  was  then  that  the  authors  of  all  this  devastation  began  their 
entry  amongst  the  dead,  the  dying,  and  the  mangled.  The  pigeons 
were  picked  up  and  piled  in  heaps,  until  each  had  as  many  as  he  could 
possibly  dispose  of,  when  the  h<^  were  let  loose  to  feed  on  the  re- 
mainder. 

Persons  unacquainted  with  these  birds  might  naturally  condude 
that  sudi  dreadful  havoc  would  soon  put  an  end  to  the  species. 
But  I  have  satisfied  my^lf ,  by  long  observation,  that  nothing  but  the 
gradual  diminution  of  our  forests  can  accomplish  their  decrease,  as 
they  not  unf requently  quadruple  thdr  numbers  yearly,  and  always 
at  least  double  it.  In  1805  I  saw  schooners  loaded  in  bulk  with  pi- 
geons caught  up  the  Hudson  River,  coming  into  the  wharf  at  New  York, 
when  ^e  birds  sold  for  a  cent  a  piece.  I  knew  a  man  in  Pennsylvania 
who  caught  and  killed  upward  of  600  dozens  in  a  clapnet  in  one  day, 
sweeping  sometinras  20  dozens  or  more  at  a  ssng^  haul.  In  the 
month  of  March,  1830,  they  were  so  abundant  in  the  markets  of  New 
York,  that  piles  of  them  met  the  eye  in  every  direction.  I  have  seen 
the  negroes  at  the  United  States  saJines,  or  salt  worksof  Shawneetown, 
wearied  with  killing  pigeons,  as  they  ali^ted  to  drink  the  water 
issuing  from  the  leading  pipes,  for  weeks  at  a  time;  and  yet,  in  1826, 
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in  Louisiana;  I  saw  congregated  flocks  of  these  birds  as  numerous  as 
ever  I  had  seen  them  before,  during  a  residence  of  nearly  30  years  in 
the  United  States. 

The  breeding  of  the  wild  pigeons,  and  the  places  chosen  for  that  pur- 
pose are  points  of  great  interest.  The  time  is  not  much  influenced  by 
season,  and  the  place  selected  is  where  food  is  most  plentiful  and 
most  attainable,  and  always  at  a  conyenient  distance  from  water. 
Forest  trees  of  great  height  are  those  in  which  the  pigeons  form  their 
nests.  Thither  the  countless  myriads  resort,  and  prepare  to  fulfill 
one  of  the  great  laws  of  nature.  At  this  period  the  note  of  the 
pigeon  is  a  soft  coo-coo-coo-coo,  much  shorter  than  that  of  the 
domestic  species.  The  common  notes  resemble  the  monosyllables 
kee-kee-kee-kee,  the  first  being  the  loudest,  the  others  gradually 
diminishing  in  power.  The  male  assumes  a  pompous  demeanor,  and 
follows  the  female  whether  on  the  ground  or  on  the  branches,  with 
spread  tail  and  drooping  wings,  which  it  rubs  agamst  the  part  over 
which  it  is  moving.  The  body  is  elevated,  the  throat  swells,  the  eyes 
sparkle.  He  continues  his  notes  and  now  and  then  rises  on  the  wing, 
and  flies  a  few  yards  to  approach  the  fugitive  and  timorous  female. 
Like  the  domestic  pigeon  and  other  species,  they  caress  each  other  by 
billing,  in  which  action,  the  bill  of  the  one  is  introduced  transversely 
into  that  of  the  other,  and  both  parties  alternately  disgorge  the 
contents  of  their  crop  by  repeated  efforts.  These  preliminary  affairs 
are  soon  settled,  and  the  pigeons  conunence  their  nests  in  general 
peace  and  harmony.  They  are  composed  of  a  few  dry  twigs,  crossing 
each  other,  and  are  supported  by  forks  of  the  branches.  On  the  same 
tree  from  50  to  100  nests  may  frequently  be  seen :  I  might  say  a  much 
greater  number  were  I  not  anxious,  kind  reader,  that  however  won- 
derful my  account  of  the  wild  pigeon  is,  you  may  not  feel  disposed  to 
refer  it  to  the  marvelous.  The  eggs  are  two  *  in  number,  of  a  broadly 
elliptical  form,  and  pure  white.  During  incubation,  the  male  suppHes 
the  female  with  food.  Indeed,  the  tenderness  and  affection  dis- 
played by  these  birds  toward  their  mates,  are  in  the  highest  degree 
striking.  It  is  a  remarkable  fact,  that  each  brood  generally  consists 
of  a  male  and  a  female. 

Here,  again,  the  tyrant  of  the  creation,  man,  interferes,  disturbing 
the  harmony  of  this  peaceful  scene.  As  the  younger  birds  grow  up, 
their  enemies,  armed  with  axes,  reach  the  spot,  to  seize  and  destroy 
all  they  can.  The  trees  are  felled,  and  made  to  fall  in  such  a  way  that 
the  cutting  of  one  causes  the  overthrow  of  another,  or  shakes  the 
neighboring  trees  so  much,  that  the  young  pigeons,  or  squabs,  as  they 
are  named,  are  violently  hurled  to  the  ground.  In  this  manner  also, 
immense  quantities  are  destroyed. 

The  yoxmg  are  fed  by  the  parents  in  the  manner  described  above; 
in  other  words,  the  old  bird  introduces  its  bill  into  the  mouth  of  the 

^  Later  olxervere  report  that  In  folly  half  the  nests  only  one  egg  was  depodted.~Ed. 
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young  one  in  a  transverse  manner,  or  with  the  back  of  each  mandible 
opposite  the  separations  of  the  mandibles  of  the  young  bird,  and 
disgorges  the  contents  of  its  crop.  As  soon  as  the  young  birds  are 
able  to  shift  for  themselves,  they  leave  their  parents  and  continue 
separate  until  they  attain  maturity.  By  the  end  of  six  months  they 
are  capable  of  reproducing  their  species. 

The  flesh  of  the  wild  pigeon  is  of  a  dark  color,  but  affords  tolerable 
eating.  That  of  young  birds  from  the  nest  is  much  esteemed.  The 
skin  is  covered  with  small  white,  filmy  scales.  The  feathers  fall  off  at 
the  least  touch,  as  has  been  remarked  to  be  the  case  in  the  Carolina 
turtle.^  I  have  only  to  add  that  this  species,  like  others  of  the  same 
genus,  immerses  its  head  up  to  the  eyes  while  drinking. 

In  March,  1830, 1  bought  about  350  of  these  birds  in  the  market  of 
New  York  at  4  cents  a  piece.  Most  of  these  I  carried  ahve  to  England, 
and  distributed  amongst  several  noblemen,  presenting  some  at  the 
same  time  to  the  zoological  society. 

Adult  male:  Bill  straight,  of  ordinary  length,  rather  slender, 
broader  than  deep  at  the  base,  with  a  tumid  fleshy  covering  above, 
compressed  toward  the  end,  rather  obtuse;  upper  mandible  slightly 
declinate  at  the  tip;  edges  inflected.  Head  small,  neck  slender,  body 
rather  full.  Legs  ^ort  and  strong;  tarsus  rather  rounded,  anteriorly 
scutellate;  toes  slightly  webbed  at  the  base;  claws  short,  depressed, 
obtuse. 

Plumage  blended  on  the  neck  and  imder  parts,  compact  on  the  back. 
Wings  long,  the  second  quill  longest.  Tail  graduated,  of  12  tapering 
feathers. 

Bill  black.  Iris  bright  red.  Feet  carmine  purple,  claws  blackish. 
Head  above  and  on  the  sides  light  blue.  Throat,  fore  neck,  breast, 
and  sides  light  brownish-red,  the  rest  of  the  under  parts  white.  Lower 
part  of  the  neck  behind,  and  along  the  sides,  changing  to  gold,  emerald 
green,  and  rich  crimson.  The  general  color  of  the  upper  i^arts  is 
grayish  blue,  some  of  the  wing  coverts  marked  with  a  black  spot. 
Quills  and  larger  wing  coverts  blackish,  the  primary  quiUs  bluish  on 
the  outer  web,  the  larger  coverts  whitish  at  the  tip.  The  two  middle 
feathers  of  the  tail  black,  the  rest  pale  blue  at  the  base,  becoming 
white  toward  the  end. 

Length  16}  inches;  extent  of  wings  25;  bill  along  the  ridge  {; 
along  the  gap  l^^;  tarsus  1};  middle  toe  1}. 

The  colors  of  the  female  are  much  duller  than  those  of  the  male, 
although  their  distribution  is  the  same.  The  breast  is  light  grayish- 
brown,  the  upper  parts  pale  reddish-brown,  tinged  with  blue.  The 
changeable  spot  on  the  neck  is  of  less  extent,  and  the  eye  of  a  somewhat 
duller  red,  as  are  the  feet. 

Length  15  inches;  extent  of  wings  23;  bill  along  the  ridge  }; 
along  tiie  gap  |. 

i  Nov  oaUed  the  moarnlng  doye.~£d. 

Digitized  by  VjOOQ  IC 


Smithsonian  Report.  1911— K»lm  and  Audubon 


Plate  I. 


IWUrtP  &  Kf-i'^LtR  CO    PHILA 


PASSENGER    PIGEON 

(Courte«y  of  W.  B.  Mcrahon) 


Digitized  by  VjOOQIC 


Digitized  by  CjOOQIC 


NOTE   ON    THE    IRIDESCENT    COI^RS   OF   BIRDS    AND 

INSECTS.^ 

[With  3  platee.] 


By  A.  Mallock,  F.  R.  S. 


Considerable  interest  attaches  to  the  origin  of  certain  forms  of 
brilliant  coloring  which  are  of  frequent  occurrence  in  the  animal 
world,  though  hardly  represented  among  plants.'  The  colors  in 
question  are  those  which  are  not  due  to  ordinary  pigment,  and 
which  change  with  the  angle  of  incidence  of  the  light.  The  most 
brilliant  examples  are  to  be  f  oimd  amongst  birds  and  insects.  Fishes, 
and  a  few  reptiles,  exhibit  colors  of  the  same  kind,  but  not  so  con- 
spicuously. 

During  the  last  10  or  12  years  I  have  examined  some  himdreds 
of  cases  of  this  sort  of  color  production,  and  quite  recently  Michelson  • 
has  published  investigations  on  the  same  subject,  and  refers  to  a 
somewhat  similar  paper  by  Walter,  "  Oberfl&chen  imd  Schillerf arben,'' 
dated  1895,  of  the  existence  of  which  I  was  not  before  aware. 

The  conclusions  of  these  authors  are  that  the  colors  in  question  are, 
in  most  cases,  due  to  selective  reflection  from  an  intensely  opaque 
material,  and,  in  some  few,  to  diffraction  from  a  finely  striated 
surface.  Their  reasons  for  adopting  the  hypothesis  of  selective 
reflection  rather  than  interference  are  the  close  similarities  as  regards 
the  reflection  of  polarized  light  foimd  between  the  natural  iridescent 
colors  and  dry  films  of  amline  dyes. 

In  the  present  note  I  give  some  reasons  for  the  beUef  that  in  the 
majority  of  cases  interference  of  some  sort  is  the  active  cause, 
although  in  others  the  possibility  of  selective  reflection  is  not 
excluded.  The  question  really  turns  on  the  size  of  the  ''grain" 
of  the  color-producing  structmre.  Is  it  comparable  with  the  wave 
length  of  light  or  of  molecidar  dimensions  ? 

If  the  colors  are  due  to  interference,  the  first  supposition  must  be 
true;  but  if  selective  reflection  is  the  agent,  a  comparatively  small 

1  Reprinted  by  penninloii  from  Prooeedings  of  The  Royal  Society,  London,  Series  A,  ^01.85,1^  A  l{82, 
Nov.  80, 1911,  pp.  608^606.    (Reoetved  by  the  society  Sept.  12;  read  Nov.  2, 1011.) 

*  Some  Lycopodiums  exhibit  traces  of  iridescent  color. 

•  •OCetalUcootoringin  birds  and  insects/'  PhlL  Mag.,  April,  lOlL 
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group  of  molecules  may  cause  selective  reflection.  It  seems  dear 
that  this  property  can  not  belong  to  individual  molecides,  at  any 
rate  in  the  case  of  the  aniline  dyes,  for  their  solutions  absorb  impar- 
tially all  the  colors  which  are  not  transmitted,  and  it  is  only  in  the 
sohd  state  that  their  peculiarities  as  regards  reflected  light  become 
apparent;  at  the  same  time  there  is  no  change  in  the  light  transmitted 
whether  the  dye  is  in  solution  or  a  dry  film. 

Before  entering  in  detail  into  the  reasons  which  seem  to  point  to 
interference  rather  than  selective  reflection  as  the  origin  of  iridescent 
colors,  some  general  remarks  may  be  made  on  the  character  of  the 
structures  examined. 

These  structures  have  been  either  feathers  of  birds  or  the  scales 
of  insects.  There  are  few  orders  of  birds  in  which  examples  of 
iridescent  coloring  can  not  be  foimd,  but  without  doubt  the  humming 
birds  are  the  most  brilliant,  although  peacocks,  trogons,  and  many 
others  are  not  very  far  inferior.  In  the  insect  world  the  finest 
examples  are  to  be  found  amongst  butterflies  and  the  day-flying 
moths  of  the  gems  Urania.  Some  beetles  also  are  provided  with 
vividly  colored  scales.  These  belong  mostly  to  the  weevils  (which 
include  the  Brazilian  diamond  beetle). 

Many  other  insects  among  the  Diptera,  Neuroptera,  and  Hymenop- 
tera  show  brilliant  metallic  oo1<m^  on  their  integuments,  but  these 
are  not  provided  with  scales,  and  in  many  cases  the  color  fades 
more  or  less  when  the  specimens  become  dry.  These  I  have  not 
examined.  Feathers  and  scales,  however,  are  remarkable  for  the 
permanence  of  their  iridescent  coloring,  and  it  is  to  these  only  that 
the  present  observations  apply. 

Some  of  the  peculiarities  of  the  structures  as  regards  change  of 
color  with  the  point  of  view  depend  on  the  shape  of  the  surface 
on  which  the  color-producing  material  lies.  If  the  surfaces  are 
flat  or  nearly  flat,  reflection  takes  place  as  from  a  looking  glass, 
and  the  angle  through  which  the  specimen  can  be  turned  while 
still  showing  the  characteristic  color  is  small.  Often,  however, 
the  surfaces  are  convex  bosses  or  ridges,  and  then  the  angle  of  inci- 
dence and  reflection  is  that  contained  between  the  direction  of  the 
incident  light  and  the  normal  to  the  tangent  plane  at  the  point 
where  reflection  takes  place,  and  is  therefore  to  a  great  extent  inde- 
pendent of  the  position  in  which  the  specimen  is  held,  since  there  will 
always,  within  wide  limits,  be  tangent  planes  to  the  convex  surfaces 
which  reflect  the  incident  light  in  the  line  of  sight.  In  these  cases 
the  colors  might  at  first  sight  be  taken  as  due  to  pigment,  both  on 
account  of  their  comparatively  low  intensity  and  from  the  small 
change  in  tint  and  intensity  which  is  produced  by  altering  the  inclina- 
tion of  the  general  surface  to  the  direction  of  the  illumination.    The 
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low  intensity  is  of  course  due  to  the  small  area  of  each  convex  surface 
which  reflects  light  in  any  given  direction. 

In  attempting  to  investigate  the  origin  of  the  colors  many  methods 
were  employed,  the  first  and  most  obvious  being  to  cut  thhi  sections 
normal  to  the  color-producing  surface  and  then  to  examine  them 
with  the  highest  microscopic  power  available.  If  the  colors  are 
analogous  to  those  of  Una  plates,  it  is  clear  from  the  high  intensity 
of  the  reflected  light  that  more  than  one  pair  of  surfaces  must  cooper- 
ate in  the  reflection.  In  general  the  reflected  light  is  not  even 
approximately  monochromatic,  and  this  fact  limits  the  number 
of  surfaces  which  can  be  supposed  to  act,  but  if  the  surfaces  are 
supposed  to  be  separated  by  air  and  placed  at  the  toost  favorable 
intervals  their  number  need  not  exceed  three  or  four  to  account 
for  the  observed  intensity  and  tints. 

The  most  favorable  spacing  for  the  successive  layers  is  that  their 

thickness  and  the  intervals  between  them  should  be  a  multiple  of  the 

^  half  wave-length  of  the  mean  ray,  reckoned  in  the  length  of  the  waves 

within  the  material  of  the  layer,  and  it  was  thought  possible  that  the 

thin  sections  might  show  a  laminated  structure. 

For  the  material  of  feathers  and  insects'  scales,  ft  is  somewhere 
about  1.6  or  1.6,  so  that  the  least  thickness  for  the  plates  of  refractive 
material  would  be  of  the  order  of  one  one-hundred-and-fifty-thou- 
sandth  and  the  air  intervals  one  one-hundred-thousandth  of  an  inch — 
both  beyond  the  resolving  power  of  the  microscope;  but  from  the 
composition  of  the  reflected  light  it  seemed  Ukely  that  the  intervals 
might  be  two  or  three  half  wave-lengths,  which  would  be  readily  seen 
as  far  as  adequate  separation  of  the  images  is  concerned.  In  nearly 
all  the  sections  examined  bands  of  this  order  of  thickness  appeared 
with  some  forms  of  illumination,  but  it  was  impossible  to  be  sure  that 
they  were  not  due  to  diflEraction  effects  from  parts  of  the  section  slightly 
out  of  focus. 

There  are  many  difficulties  in  preparing  sections  thin  enough  for  the 
advantageous  use  of  objectives  with  large  angular  aperture.  When  a 
section  is  to  show  a  stratified  structure  its  thickness  should  certainly 
not  be  greater  than  the  distance  between  the  successive  strata,  and 
may  with  advantage  be  much  less.  It  was  not  difficult  to  cut  sections 
about  one  twenty-thousandth  of  an  inch  thick,  but  this  is  three  or 
four  times  too  thick  to  show  with  certainty  stratification  whose  pitch 
is  one  sixty-thousandth  or  less. 

Occasionally,  by  accident,  thinner  sections  (perhftps  one  forty- 
thousandth)  would  be  cut,  and  these  showed  apparent  stratification 
most  plainly,  but  in  no  case  was  the  image  free  from  the  effect  caused 
by  some  part  of  the  thickness  of  the  section  being  out  of  focus,  and,  in 
all  ^nrobabihty,  what  appeared  to  be  stratification  was  in  reality  aiseries 
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of  diffraction  bands.    Insuflbaent  thinnees,  however,  is  by  no  means 
the  only  obstacle  to  resolying  the  grain  in  itie  structure. 

lliin  sections  are  in  g^ieral  very  transparent,  and  the  only  source 
of  variation  of  intensity  in  the  image  formed  by  the  microscope  de- 
pends cm  the  varying  amount  of  retardation  affecting  the  waves  which 
traverse  their  different  parts,  that  is  (since  the  section  is  of  uniform 
thickness)  on  differences  of  refractive  index;  but,  in  order  to  view  sudi 
sections  at  all,  it  is  necessary  to  mount  tiiem  in  some  refractive 
medium,  and  this  greatly  reduces  the  diance  of  detecting  a  fine- 
grained structure. 

I  have  tried  washing  out  the  bedding  material  and  examining  the 
sections  whieai  dry,  but,  although  great  care  was  taken  in  keeping  the 
cutting  edge  of  the  knife  smooth  and  sharp,  stri»  always  appeared  in 
the  direction  of  the  cut,  which  quite  obscured  the  real  structure.  The 
fact  is,  that  there  are  a  very  few  objects  on  which  the  hi^est  micro- 
scopic powers  can  be  used  with  advantage.  Even  the  test  diatom^ 
A.  peUucida,  which,  of  course,  has  to  be  mounted  dry,  or  in  a  medium  ^ 
whose  refractive  index  greatly  exceeds  that  of  silica,  is  too  thick  to 
give  a  satisfactory  image,  and  small  solids,  whose  dimensions  are  less 
than  a  wave  length,  give  images  which  are  not  their  enlarged  geo- 
metrical outlines,  but  phenomena  depending  on  the  wave  length. 

Although  the  microscope,  in  my  hands,  at  any  rate,  has  failed  to  ^ve 
direct  evidence  of  a  '' periodic"  structure,  other  tests  point  strongly  to 
*' interference"  as  the  origin  of  the  colors. 

In  some  cases  the  color-producing  film  is  backed  by  an  extremely 
opaque  layer,  and  in  others  the  whole  of  the  structure  is  transparent, 
and  transmits  the  complementary  color  with  nearly  the  same  intensity 
as  the  color  reflected.  Even  where  there  is  an  opaque  backing,  this  is 
often  thin  enou^  to  allow  of  examination  by  strong  transmitted 
light,  and  the  prevailing  color  is  a  brown,  tinged  with  the  unabeorbed 
complementary  to  the  color  reflected.  These  opaque  backings  are 
present  in  most  feathers  and  in  some  insect  scales,  but  in  the  majority 
of  cases  the  scales  of  insects  are  transparent. 

Both  theory  and  observation  show  that,  when  the  reflected  color 
depends  on  interference  the  tint  will  change  toward  the  blue  as  the 
angle  of  incidence  increases,  so  that  reds  become  yellows,  yellows 
change  to  greens,  and  greens  .to  blues,  and  also  that  if  the  color- 
producing  structure  is  immersed  in  a  refractive  fluid  instead  of  air  the 
reflected  color  will  change  toward  red  and  have  its  intensity  reduced. 
Two  causes  are  operative  in  producing  this  change:  In  the  first  place, 
if  the  color-producing  film  is  protected  from  the  fluid  by  an  imperme- 
able outer  layer  with  which  it  is  in  optical  contact  the  only  effect  of 
the  fluid  is  to  diminiflh  the  angle  of  incidence  of  a  ray  of  given 
obliquity  in  air,  so  that  the  color  reflected  is  that  due  to  the  smaller 
angle  of  incidence.    Secondly,  if  the  fluid  penetrates  the  layers  in 
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which  interference  takes  place,  the  interval  between  the  layers,  now 
reckoned  in  wave  lengths  in  the  refractive  fluid,  is  increased,  and 
therefore  also  the  wave  length  which  is  reflected  for  a  given  angle  of 
incidence.  At  the  same  time  the  intensity  of  the  reflected  light  is 
greatly  reduced,  and  if  the  fluid  has  the  same  refractive  index  as 
the  structure  itself,  reflection  ceases  and  nearly  white  light  is  trans- 
mitted.* 

Observation  of  reflection  from  films  of  aniline  dyes,  etc.,  shows 
that  the  color  changes  in  the  same  direction — ^that  is,  toward  the 
blue — as  the  angle  of  incidence  increases,  but  asr^ards  the  character 
of  the  change  when  the  film  is  covered  by  a  refractive  fluid  there  is  a 
great  difference. 

In  some  cases  (methylene  green,  for  instance)  for  one  particular 
angle  of  incidence  the  color  reflected  in  air  is  unchanged  when  the 
film  is  covered  with  cedar  oil,  for  smaller  angles  of  incidence  the 
reflected  light  is  of  shorter  average  wave  length,  and  for  greater 
angles  longer  than  that  of  the  color  in  air. 

For  this  particular  dye  the  color  re'flected  in  air  is  a  very  red-purple 
at'  small  angles  of  incidence,  changing  to  bluish-green  when  the 
angle  is  large. 

Under  cedar  oil  the  colors  are  respectively  greenish-yellow  and  an 
orange-yellow.  The  transmitted  color,  however,  does  not  change 
perceptibly  either  with  the  angle  of  incidence  or  with  the  medium 
in  which  reflection  takes  place,  and  this  applies,  as  far  as  my  obser- 
vation goes,  to  all  substances  which  give  selective  metallic  reflection. 

The  transparency,  or  at  any  rate  the  vanishing  of  the  character- 
istic transmitted  color  in  the  case  of  all  animal  tissues  when  immersed 
and  permeated  by  a  fluid  of  the  same  refractive  index,  is  strongly  in 
favor  of  interference  being  the  source  of  the  color,  but  even  stronger 
evidence  is  given  by  the  behavior  of  the  structure  under  mechanical 
pressure. 

If  the  grain  or  peculiarities  which  favor  the  reflection  or  transmission 
of  particular  colors  is  of  molecular  size,  there  is  no  reason  to  suppose 
'  that  pressure  insufficient  to  cause  molecular  disruption  would  alter 
the  action  of  the  material  on  light.  On  the  other  hand,  if  the  colors 
are  due  to  interference — that  is,  to  cavities  or  strata  of  different 
optical  properties — compression  would  alter  the  spacing  of  these,  and 
thus  give  rise  either  to  different  colors  or,  with  more  than  a  veiy 
slight  compression,  to  the  transmission  and  reflection  of  white  light. 

In  every  experiment  of  this  kind  which  I  have  made  either  on 
feathers  or  insect  scales  the  effect  of  pressure  has  been  to  destroy 
the  color  altogether. 

1  The  dispersion  of  the  fluid,  as  weU  as  the  refractive  index,  must  be  the  same  as  that  of  the  stroctort 
If  the  transmitted  U^^t  is  white. 


Digitized  by  CjOOQIC 


480  ANNUAL*  BSPOBT  SMITHSONIAN   INSliTUTION,  KHl. 

Where  the  scales  are  transpaient,  white  light  is  tranamittedy  but 
with  feathers,  where  the  color  film  is  generally  backed  by  dark  i>]g- 
ment,  the  pigment  color  appears  untinged  with  the  complementary 
to  the  color  naturally  reflected. 

With  many  feathers  the  color  returns  when  the  pressure  is  tak^i 
oS,  but  with  insect  scales  the  structure  seems  to  be  pennanently 
injured  by  compression,  and  though  when  allowed  to  expand  again 
the  material  is  not  colorless  the  brilliancy  which  belonged  to  the 
uninjured  scale  is  gone,  and  the  color  in  general  changed. 

The  facts  above  mentioned  seem  to  offer  stronger  reasons  in  favor 
of  interference  than  the  polarization  phenomena  referred  to  by 
Michelson  and  Walter  *  do  against  it. 

The  ellipticity,  etc.,  found  in  the  reflected  beams  may,  although 
functions  of  the  wave  length,  acc<»npany  the  production  of  color 
without  being  necessary  to  it — that  is,  they  may  depend  on  the 
molecular,  whUe  the  colors  depend  on  the  mechanical  structure. 

All  Lepidopterous  scales,  whether  colored  by  pigment  or  giving 
metallic  reflection,  are  traversed  by  a  series  of  fine  lines  or  dots 
arranged  in  lines  and  very  evenly  spaced,  and  the  universality  ol 
these  lines  on  all  such  scales,  whether  with  or  without  color,  is  a 
good  reason  for  not  regarding  diffraction  as  an  explanation  of  the 
metallic  colors. 

In  many  insects  these  lines  are  as  dose  as  36,000  to  40,000  per  indi, 
and  when  light  is  transmitted  through  a  single  scale  or  a  few  scales 
placed  side  by  side  very  fine  diffraction  spectra  are  formed,  but  no 
corresponding  effect  is  seen  by  reflection,  what  effect  there  may  be 
being  masked  by  the  other  form  of  color  production. 

The  beetle  scales  which  I  have  examined  were,  as  a  rule,  without 
linear  markings,  and  where  lines  existed  they  were  not  very  r^ular. 
The  surface  was  always  mapped  out  into  imequal  polygonal  areas, 
and  cross  sections  (pi.  2,  figs.  5a,  5b)  showed  that  the  scale  consisted  of 
a  flattened  sac  of  transparent,  material  containing  a  cellular  structure 
in  which  the  color  originated. 

When  an  unbroken  scale  is  immersed  in  cedar  oil,  the  outer  walls 
prevent  the  fluid  reaching  the  color-producing  layer  and  but  little 
change  results  either  in  the  reflected  or  transmitted  li^t;  but  when 
the  scale  is  broken  or  has  a  piece  cut  off  the  oil  penetrates  the  interior 
and  all  trace  of  color  dLsappears. 

Occasionally  when  a  viscous  fluid  is  enq)loyed  the  penetration 
is  not  complete  and  the  character  of  the  cellular  layer  is  then  indi- 
cated by  the  parts  which  still  show  color. 

Figures  1  to  4,  plates  1,2,  illustrate  this.  Figure  1  is  an  unbroken 
scale  of  Entimus  imperidlis  showing  the  polygonal  areas.     Figure  2 

>  Polarised  light  should  be  used  for  this  oheetvatton. 
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shows  the  same  scale  partly  peaetrated  by  a  solution  of  celluloid 
in  amyl  acetate;  figure  3,  ditto  (in  which  the  penetration  is  not  so 
complete)  more  highly  magnified;  %ure  4,  threescales completely  pene- 
trated and  quite  colorless.  Figures  5a  and  5b  are  cross  sections  of  the 
scale  (thickness  of  section  about  one  twenty-thousandth  of  an  inch). 

Feathers  are  impermeable  to  most  fluids,  but  when  acted  on  by 
acid  (nitric,  acetic,  or  hydrochloric)  they  change  color  toward  the 
red;  after  washing  and  diyiug,  however,  they  regain  their  original 
tint. 

The  subjects  from  which  the  above  notes  have  been  made  include 
among  birds  various  species  of  hummingbirds,  peacocks  and  pheas- 
ants, sunbisds,  trogons,  and  others;  among  Lepidoptera,  the  genera 
Euplc&a,  Morpho,  Calligo,  Argynnis  (in  which  diver  markings  are 
common),  Vanessa,  Callicore,  Lycsena,  Theda,  Papilio,  Omithoptera, 
some  of  the  Hesperid®  and  moths  of  the  genus  Urania.  The  only 
beetles  examined  were  Entimus  imperidlis  and  two  species  of  Cyphus. 

To  the  physicist  who  is  also  a  naturalist  the  great  variety  in  the 
character  of  the  siuiaces  on  which  these  metallic  colors  are  devel- 
oped, as  well  as  the  beauty  and  brilliancy  of  the  colors  themselves, 
offers  matter  of  exceptional  interest,  but  it  would  occupy  too  much 
space  to  ent^  here  into  a  detailed  description  of  even  the  typical 
forms. 

A  rather  curious  fact,  however,  may  be  mentioned  with  regard 
to  the  scales  of  Lepidoptera.  Neariy  all  such  scales  when  black  or 
colored  by  pigment  have  the  free  end  deeply  scalloped  and  presenting 
what  may  be  caUed  an  ornamental  outline,  but  the  scales  which  show 
metallic  reflections  are  invariably  (as  far  as  my  observation  goes) 
merely  rounded  off  or  have  very  slight  indentations.  Figures  6  and 
7,  plate  3  (which  are  respectively  colored  and  black  scales  from  Omi- 
(hoftera  Poseidon) ,  illustrate  the  difference. 

Although  all  the  colors  referred  to  in  these  notes  are  probably  the 
result  of  interference,  the  ways  in  which  the  interference  occurs  may 
be  very  various.  Feathers  by  their  behavior  suggest  an  action 
analogous  to  that  of  a  lippmann  film,  but  it  is  difficidt  to  imagine 
matter  optically  dense  enough  to  behave  as  the  silver  particles  in  the 
film  being  produced  in  an  organic  structure.  In  most  of  the  scales 
it  seems  that  the  interfering  rays  are  reflected  from  the  sinrf aces  of 
very  thin  flat  cells,  but  it  is  possible  that  in  some  cases  the  effect 
may  be  due  to  reflection  from  a  single  dimpled  surface.  The  colored 
central  images  sometimes  given  by  diffraction  gratings  are  exam- 
ples of  this  sort  of  interference,  but  in  order  that  the  colors  so  formed 
shoidd  be  as  brilliant  as  possible  the  depressions  or  dimples  should 
be  closely  but  irregularly  distributed  over  the  surface  (if  regu- 
lar much  of  the  light  goes  in  lateral  spectra),  but  of  imiform  depth 
and  section.     I  have  succeeded  in  making  colored  rings  of  some 
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brilliancy  by  holding  a  piece  of  glass  over  the  smdke  of  an  arc  formed 
between  metal  electrodes,  iron,  nickel,  silver,  and  copper  being  used. 
In  the  most  successful  trials  the  rings  were  iMigfater  than  the  colors 
of  soap  films,  and,  as  might  be  expected,  the  intensity  of  the  color 
increased  with  the  angle  of  incidence,  but  the  rings  did  not  show 
with  normal  reflection  nor  until  the  incidence  exceeded  30^. 

In  the  spectroscopic  examination  of  the  color,  it  was  found  conven- 
ient to  focus  the  much  enlarged  image  of  the  surface  on  the  slit  of 
the  spectroscope.  By  this  means,  and  using  the  sun  or  an  arc  lamp, 
there  was  sufiGicient  light  to  show  the  spectrum  from  a  small  part 
of  a  single  scale. 

When  cutting  thin  sections  of  chitin  or  feathers,  it  is  important 
that  the  embedding  material  should  be  of  the  same  consistence  and 
hardness  as  the  object  to  be  cut.  For  this  purpose  shellac  gave 
the  best  results.  The  hardness  could  be  regulated  by  the  time 
allowed  for  drying. 

The  compression  tests  were  carried  out  by  placing  the  specimens 
on  a  slide  under  a  convex  lens  of  about  a  foot  radius.  The  objects 
compressed  were  generally  i;hin  enough  to  allow  of  the  Newton 
rings  of  the  higher  orders  being  recognized  between  the  lens  and 
slide  before  any  compression  occurred,  and  by  centering  the  object 
in  these  the  pressure  coidd  be  applied  in  the  right  place. 

Since  writing  the  above  I  have  examined  the  colors  of  some  of 
the  iridescent  Diptera  (chiefly  of  the  genus  Ludlia),  using  the  pres- 
sure apparatus.  It  was  foimd  that  with  them,  as  with  the  scales 
and  feathers,  the  color  disappeared  under  compression,  and  it  seems 
probable,  therefore,  that  interference  of  one  kind  or  another  is  the 
true  cause  of  natural  iridescent  color  in  all  cases.  It  may  be  remarked 
that  the  intensity  and  composition  of  the  light  reflected  from  the 
integument  of  the  flies  is  such  as  would  be  accounted  for  by  the 
interference  of  a  single  film  or  pair  of  siirf acos. 

DESCRIPTION  OP  PLATB8 

Fig.  1.— Scale  of  Entimus  imperialism     X  490. 

2.— The  same  partly  penneated  with  celluloid  solution.    X  490. 

3.— The  same.    X  1750. 

4. — ^Three  scales  of  same  completely  penneated.    X  490. 

5. — Cross  section  of  scale.    X  1750. 

6.— Iridescent  scale  of  Omithoptera  Po$eidon,     X  1170. 

7.— Black  scale  of  same.    X  1170. 
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Plate  1. 


1 .  Scale  of  Entimus  imperialis,  X  490. 


2.  The  Same  Partly  Permeated  with  Celluloid 
Solution,  X  490. 


3.  The  Same,  X  1750. 
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Plate  2. 


4.  Three  Scales  OF  Entimus  imperialis  Completely 
Permeated,  x  490. 


5a.  Cross  Section  of  Scale,  x  1 750. 


5b.  Cross  Section  of  Scale,  x  1750. 
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Plate  3. 


6.  Iridescent  Scales  of  Ornithoptera  Poseidon,  x  1170. 


7.  Black  Scale  of  Same,  x  1170. 
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ON  THE  POSITIONS  ASSUMED  BY  BIRDS  IN  FLIGHT.^ 

[With  8  plates.] 


By  Bentlet  Bbethah,  F.  Z.  S. 


I. — STARTING. 


The  flight  of  birds  must  ever  remain  a  source  of  interest  and 
inspiration  to  man,  for  should  he  eventually  master  aerial  as  suc^ 
cessfuUy  as  he  has  terrestrial  locomotion,  birds  would,  by  reason 
of  their  inherent  sensibility  to  gauge  the  varying  aircurrents,  still 
remain  vastly  his  superior  in  the  art,  if  not  in  actual  pace  at  least 
in  the  finer  manipulations. 

But  whether  we  regard  flight  from  the  standpoint  of  the  ornitholo- 
gist or  the  aviator,  the  actions  of  these  natur^y  equipped  per- 
formers can  not  be  too  closely  regarded. 

The  great  difficulty  met  with  in  studying  the  flight  of  birds  is  the 
indefinite  and  almost  inexpressible  nature  of  much  of  our  observa- 
tion. We  see  a  bird  m&ke  a  sudden  turn  or  falter  in  its  course;  a 
little  thing,  yet  even  if  we  could  analyze  its  actions,  which  is  improb- 
able, it  would  take  a  page  or  two  of  writing  before  we  could  be  sure 
that  another  would  understand  the  positions  and  actions  as  we  saw 
them.  In  our  present  lack  of  intimacy  with  the  subject  words  are 
quite  inefficient,  and  we  must  largely  rely  on  pictures,  photographs 
by  preference,  wherewith  to  record  our  observations. 

llie  slower  and  individual  movements  of  the  wings  and  tails  of 
such  large  birds  as  herons,  gulls,  or  eagles,  are  easy  to  perceive,  and 
in  many  cases  their  object  or  result  can  be  appreciated,  if  only  one 
can  get  close  enough.  Unfortimately,  however,  our  near  glimpses 
of  large  birds  on  the  wing  are  usually  but  momentary,  and  it  is  only 
by  piecing  together  little  isolated  scraps  of  observation  that  we  can 
get  a  consecutive  idea  of  what  has  taken  place.  Often  the  combina- 
tion of  our  eyes  and  brain  is  far  too  slow  to  analyze  and  follow  the 
different  movements,  and  the  only  impression  the  mind  receives  is  one 
of  rapid  beating  motion,  as  is  so  noticeable  in  the  flight  of  bees  and 

1  Reprinted  by  permissioa  from  British  Birds,  Witlierby  &  Co.,  Loodon,  voL  4,  June,  1910-ICay,  1911,  pp. 
Ifi8-168, 108-903,850-366. 
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other  insects.  Too  often  is  this  the  case  when  trying  to  follow  the 
flight  of  some  small  hird,  the  beating  of  the  Uttle  wings  being  quite 
too  rapid  for  our  senses.  We  will  here  confine  ourselves  to  those 
birds  possessed  of  ample  expanse  of  wing,  for,  generally  speaking, 
the  larger  the  wing  the  less  rapid  is  the  beating,  and  therefore  the 
more  easily  can  we  foUow  its  movements. 

To  gain  the  velocity  in  order  to  create  the  resistance  necessary  for 
the  support  of  all  heavier-than-air  "machines,"  some  birds  run  or 
swim,  others  simply  spring  into  the  air  and  by  the  vigor  of  their 
flapping  achieve  the  same  result;  while  others,  again,  launch  them- 
selves from  some  coign  of  vantage — a  tree  or  rock — and  in  falling 
gain  the  desired  resistance.  In  this  article  I  give  some  particulars 
regarding  the*  latter  methbd,  illustrated  by  photographs  of  the 
Gannet  (Sula  Ixissana). 

Stepping  to  the  cliff  edge,  and,  if  there  is  no  cause  for  undue  haste, 
having  raised  and  partly  unfolded  its  wings,  the  bird  prepares  to 
dive  into  space.  This  dive,  it  should  be  noted,  is  not  directed  down- 
ward, but  rather  as  horizontally  outward  from  the  cliff  as  may  be 
(sometimes  it  appears  to  have  even  an  upward  tendency).  If  the 
bird  is  one  possessed  of  broad  large  wings  not  much  altitude  is  lost, 
and  it  skims  through  the  air  in  much  the  same  fashion  as  does  a 
piece  of  cardboard  thrown  horizontally.  If,  however,  as  in  the  case 
of  auks,  the  wings  are  small  and  narrow  and  the  body  heavy,  then 
the  bird  at  first  drops  nearly  vertically,  only  being  able  to  gain  a 
more  horizontal  course  as  its  veldcity  increases. 

Sometimes  birds  of  this  latter  class,  presumably  through  mis- 
judgment  of  the  space  they  have  to  work  in,  do  not  get  the  horizontal 
course  in  time,  and  crash  into  the  rocks  or  sea  at  the  foot  of  the 
diff.  This  is  very  noticeable  when  a  group  of  puffins  {Fraiercula 
arctica)  hurriedly  takes  flight  from  a  steep  bowlder-strewn  slope. 
Under  these  circumstances  I  have  frequently  seen  quite  a  number 
of  birds  come  to  grief  on  the  rocks  within  30  yards  of  starting. 
Most  of  these,  though  somewhat  dazed  by  the  impact,  flutter  and 
claw  their  way  on  to  the  top  of  some  big  bowlder,  and  after  a 
moment's  pause  again  dive  forth,  but  not  infrequently  with  no 
better  result.  The  first  failure  is,  I  believe,  often  caused  by  their 
paying  too  much  attention  to  and  looking  behind  at  whatever  startled 
them,  instead  of  gauging  their  proper  angle. 

The  raising  and  unfolding  of  the  wings  is  worthy  of  a  little  con- 
sideration. The  former  usually  takes  place  not  after,  but  previous 
to,  the  diving  or  springing  forward,  while  generally  the  whole  "foot** 
is  at  rest  upon  the  rock.  Of  course,  when  suddenly  alarmed  birds 
sometimes  cast  themselves  from  the  cliff  without  first  raising  their 
wings,  and  in  consequence  fall  rapidly. 
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In  plate  1,  figure  1,  the  gannet  has  not  even  risen  to  its  feet  prior 
to  lifting  the  wings,  but  is  sitting  on  the  edge  of  the  nest.  The 
apparent  leg  supporting  it  on  the  near  side  is  a  delusion,  for  instead 
of  being  the  metatarsus,  as  it  seems,  it  is  really  the  closed  webbed 
toes  hanging  downward  from  the  raised  and  hidden  leg,  only  the 
claws  really  touching  the  nest.  The  reason  for  this  pecuhar  position 
is  the  newly-^hatched  chick,  hardly  discernible,  lying  in  the  nest, 
which  would  inevitably  have  been  crushed  had  the  bird  rested  on  its 
expanded  foot. 

This  raising  of  the  wings  preparatory  to  diving  forth  is  perhaps 
more  convincingly  shown  in  figure  2,  as  the  photograph  is  taken 
from  a  point  on  the  same  level  as  the  bird,  and  shows  the  wings 
held  up  far  above  the  bird's  head.  This  picture,  as  also  figure  1, 
embraces  another  and  more  important  point — that  the  unfolding  or 
straightening  of  the  wing  takes  place,  if  again  there  is  no  extreme 
baste,  subsequent  to  the  raising.  This  especially  refers  to  the 
pinion. 

It  will  be  noticed  that  although  the  humeri  are  raised  almost  to 
meeting  above  the  back  (pi.  1,  fig.  2)  the  ulnsB  are  not  fully  extended 
and  in  line  with  them,  while  the  pinions  are  little  divergent  from  the 
latter,  still  making  an  acute  angle  with  them.  Casually  one  might 
have  expected  that,  had  there  been  any  precedence, « the  pinion 
being  the  most  important  factor,  would  have  been  the  first  to  assume 
the  position  requisite  for  flight,  but  if  these  two  photographs  be 
carefully  examined  the  reverse  appears  to  be  the  case.  In  short,  it 
may  be  said  that  the  unfolding  of  the  units  of  the  wing  seems  to  be 
sequential,  starting  with  the  humerus,  and  not  simultaneous. 

This  is,  I  fear,  directly  at  variance  with  the  writings  of  many 
leading  ornithologists  and  anatomists,  and  I  can  only  put  forward  the 
photographs  in  support  of  my  observations.  Undoubtedly  the 
arrangement  and  articulation  of  the  wing-bones  appear  to  indicate 
that  the  unfolding  will  take  place  mechanically  throughout  on  any 
one  part  being  extended,  but  laboratory  theories,  however  much 
they  may  be  upheld  by  inanimate  evidence,  can  not  pass  unchallenged 
when  they  are  found  to  be  in  apparent  contradiction  to  observation 
of  the  living  action  supported  by  corroborative  photographs. 

In  plate  2,  figure  1  shows  the  bird  at  the  very  moment  it  is  diving 
from  the  diflF,  only  the  tips  of  its  toes  touching  the  rock,  and  it  will  be 
noticed,  as  intimated  before,  that  the  slope  of  the  body  is  strongly 
upward.  The  wings  have  not  even  yet  been  fully  straightened. 
This  final  unfolding  and  stiffening  appears,  so  far  as  I  can  ascertain, 
to  take  place  at  the  very  moment  of  departure,  and  had  this  photo- 
graph been  taken  a  minute  fraction  of  a  second  later  it  would  no 
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doubt  have  revealed  the  wings  as  fullj  extended  as  in  figure  2} 
Here  the  wings  are  just  beginning  to  feel  the  weight  of  what  they  are 
to  support  and  are  commencing  their  first  downward  beat.  And 
now,  though  it  has  only  traveled  a  few  inches  from  the  rock  and  the 
feet  have  not  yet  been  tucked  away  imder  the  tail,  the  gannet  is 
fairly  on  the  wing,  exasperatingly  able  and  wishful  to  go  beyond  the 
range  of  our  lens  or  even  of  our  observation. 

II. — STEERING,  BLOWING-UP,  AND  TURNING. 

The  old  idea  that  the  wings  of  a  bird  simply  flap  up  and  down,  and 
that  by  some  means  the  body  travels  steadily  along  on  a  level  hori- 
zontal course,  has  long  been  dispensed  with.  It  is,  however,  difficult 
to  realize,  but  none  the  less  true,  that  at  each  full  wing  beat  the  body 
is  raised  as  well  as  propelled.  Perhaps  this  can  be  more  readily 
appreciated  by  reference  to  a  photograph,  such  as  that  represented 
in  plate  3,  figure  2.  By  good  fortune  the  two  gannets  shown  there  so 
near  together  exhibit  the  two  extremes  of  the  positions  which  these 
birds  ordinarily  assume  in  flight.  In  the  top  left-hand  bird  the  wings 
are  raised  and  the  body  seems  to  be  dependent  from  them,  while  in 
the  lower  bird  the  wings  are  far  depressed  and  the  body  appears 
pushed  up  and  supported  by  them;  and  this  is  precisely  its  position. 
The  wings  in  their  rapid  descent  found  resistance  in  the  air,  and  as 
soon  as  thirf  resistance  exceeded  the  force  of  gravity  acting  on  the 
bird  the  body  was  elevated  at  the  same  time  that  it  was  driven 
forward,  only,  of  course,  to  sink  once  again  on  the  wings  being  raised. 
Thus  the  path  of  a  flying  bird  is  a  succession  of  ups  and  downs,  but 
the  movements  of  the  wings  being  so  very  much  greater  in  extent 
doak  those  of  the  body,  and  so  gracefully  and  smoothly  are  the 
actions  performed  that  we  do  not  realize  Uie  undulatory  nature  of 
the  course.  The  attitude  of  the  right-hand  top  bird,  a  Idttiwake,  in 
the  same  photograph  (pi.  3,  fig.  2),  is  interesting,  as  it  shows  the  bird 
steering  by  the  aid  of  its  feet.  The  very  extensive  use  some  birds 
make  of  their  feet  during  flight  requires  consideration.  Not  only  are 
they  freely  used  for  steering,  but  they  are  also  often  employed  as 
br^es  to  lessen  speed,  much  in  the  same  way  as  a  drag  is  used  to  take 
way  off  an  incoming  vessel.  In  plate  4,  figure  1,  the  immature 
gannet  there  depicted  is  trailing  its  partly  expanded  and  lowered 
feet,  thereby  causing  considerable  resistance  to  its  forward  progress. 
To  birds  which  quarter  the  surface  of  the  ocean  for  a  livelihood,  feet 
have  yet  another  use  during  flight.  As  the  bird  swoops  downward  to 
snatch  its  swimming  prey  the  legs  are  dropped,  and  the  moment  the 
quarry  has  been  seized,  if  not  before,  the  feet  are  plied  vigorously  to 
run  along  the  surface  of  the  water  and  thus  not  only  act  as  buffers  and 

1  The  tip  of  the  left  wing  of  the  bird  in  this  figure  has  been  retouched,  as  owing  to  an  accident  a  portion  of 
the  photograph  (involving  abont  half  of  the  primaries)  had  become  obliterated.  The  other  photographs 
have  not  been  retouched  tn  any  way  and  have  been  diosen  to  illustrate  the  various  points  discussed  zatbtt 
than  because  they  were  good  photographs. 
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prevent  the  body  from  strikmg  the  water,  but  also  help  to  increase 
the  velocity  necessary  to  enable  the  bird  to  rise  again.  In  plate  4, 
figure  2,  although  the  feet  of  the  kittiwake  have  ceased  to  touch  the 
surface,  the  bird  is  still  running,  as  it  were,  in  space. 

Another  method  often  practiced  by  birds  to  lessen  speed  is  that  of 
depressing  the  tail,  and  so  offering  a  resistance  to  the  air  rushing 
along  the  under  surface  of  the  body,  and  this  is  illustrated  in  the 
gannet  shown  in  plate  5,  figure  1 .  This  use  of  the  tail  is  very  similar 
in  its  purpose  and  result  to  the  use  of  the  feet  as  brakes.  Steering  is 
also,  of  course,  aided  by  the  tail,  it  being  visibly  turned  from  side  to 
side,  raised  or  depressed,  when  flight  is  being  executed  amid  tumul- 
tuous currents.  But  this  method  of  steering  by  the  tail  is  rather 
corrective  than  initiative  in  its  use,  being  principally  employed  to 
compensate  for  irregularities  in  the.  air  currents.  When  a  bird  is 
suddenly  and  deliberately  changing  the  direction  of  its  course — 
turning  an  aerial  comer,  so  to  speak — the  plane  of  the  wings  is 
changed  from  the  horizontal  position  assumed  when  gliding  to  a 
more. or  less  vertical  position,  the  inclination  dep^ending  on  the 
abruptness  of  the  turn  and  the  pace  at  which  it  is  executed.  If  the 
turn  is  to  the  right,  then  the  left  wing  is  raised  and  the  right  depressed, 
and,  of  course,  vice  versa  for  a  turn  to  the  left.  When  writing  here 
of  one  wing  being  raised  and  the  other  depressed,  I  refer  to  their 
positions  relative  to  each  other,  and  not  to  their  relation  with  the 
body.  That  is  to  say,  the  wings  and  body  may  be  held  rigidly  in  one 
plane,  the  inclination  of  this  as  a  whole  being  changed  from  the 
horizontal  to  toward  the  vertical.  This  vertical  position  has  been 
almost  reached  by  the  bird,  of  which,  unfortunately,  only  a  portion 
is  shown,  in  the  upper  part  of  plate  6,  figure  2.  It  will  be  notice^ 
that  the  left  wing  is  depressed  and  the  right  raised;  the  bird  is  there- 
fore sweeping  around  to  the  left.  I  have  seen  birds  when  thus  sud- 
denly altering  the  direction  of  their  course  actually  exceed  the 
vertical  position,  turning  the  plane  of  their  surface  through  an  angle 
of  about  105°,  thus  making  an  angle  of  about  76°  with  the  horizon, 
their  backs  then,  of  course,  being  on  the  underside. 

The  question  of  air  currents  is  of  paramoxmt  importance  in  flight, 
though  it  is  probable  that  owing  to  their  invisibility  we  have  as  yet 
little  idea  of  how  extensive  and  acute  these  movements  are.  If, 
however,  we  watch  small  companies  of  gulls  flying  leisiu^ly  in  the  same 
direction,  we  shall  often  see  them  pass  through  such  local  air  currents, 
whose  existence  is  plainly  indicated  by  the  sudden  and  harmonious 
wheeling  of  the  birds.  It  is  often  very  noticeable,  too,  how  precisely 
in  the  same  manner  all  the  birds  will  compensate  for  the  current. 
This  is  suggested  in  plate  6,  figure  1,  where  the  four  central  birds  are 
passing  through  a  disturbance,  and  it  will  be  noticed  how  each  is 
"trimming"  for  it  in  much  the  same  way,  even  to  the  awkward  bend 
in  the  neck. 
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The  act  of  alightiiig  appears  to  be  not  the  least  difficult  part  in  the 
performance  of  flight;  indeed,  whether  it  be  regarded  from  man's 
standpoint  or  from  the  bird's,  it  may  well  be  accounted  the  most 
difficult. 

On  a  boisterous  day  when  a  bird  wishes  to  alight  at  some  particular 
point,  its  powers  are  often  taxed  to  the  utmost.  The  obvious  signs  of 
this  being  so  are  the  abrupt  and  spasmodic  turns,  and  the  flapping  of 
the  wings,  and  the  jerky,  erratic  course  immediately  preceding  the 
alighting;  while  not  infrequently  the  clumsy  and  hurried  actions  on 
touching  the  ground,  plainly  show  how  comparatively  little  the  flight 
had  been  under  control  the  moment  before  alighting. 

That  this  is  a  real  difficulty  of  which  the  birds  are  fully  conscious 
is,  I  think,  shown  by  their  preparing  for  alighting  long  before  they 
actually  do  so.  Their  first  care  is  apparently  to  reduce  their  speed 
as  much  as  possible,  so  as  still  to  leave ^ them  ^sufficient  ''way"  to 
insure  some  stabiUty  in  the  air,  and  some  power  of  guidance.  They 
soar  round  and*  round  or  approach  slowly  on  a  long,  wavering  course, 
trailing  their  feet  as  brakes,  or  advance  in  a  vertically  zigzag  course, 
finding  much  resistance  in  short  but  steep  ascents.  But  even  after 
these  and  many  other  preliminary  devices  have  been  tried,  birds 
often  get  sadly  knocked  about  on  really  boisterous  days  when  alighting 
on  the  cliffs.  The  difficulty  lies  not  so  much  in  the  mere  act  of 
alighting,  as  in  the  settling  at  some  particular  spot.  A  bird  must 
slow  up,  or  the  impact  would  be  too  great  for  its  leg  muscles  to  cope 
with;  and  the  difficulty  is  that  when  slowing  up  and  almost  at  a  stand- 
still in  the  air,  so  to  speak,  it  is  greatly  at  the  mercy  of  the  air  cur- 
rents— a  swirling  gust  of  wind  being  able  then  to  carry  it  this  way 
and  that,  whereas  were  it  in  full  flight  an  equal  gust  might  hardly 
affect  its  onward  course.  I  have  seen  guillemots  and  puffins  when 
on  the  point  of  alighting,  and  despite  their  rapidly  beating  wings, 
bodily  blown  over  in  the  air  and  hurled  backwards  30  feet  from  where 
they  intended  to  set  foot.  Frequently,  too,  a  bird,  in  wild  weather 
or  when  agitated,  will  fail  to  effect  a  landing,  on  a  cliff  for  example  at 
the  first  attempt,  perhaps  finding  it  has  too  much  pace  to  risk  a  contact 
with  the  rocks,  or,  having  too  little,  a  gust  of  wind  will  'Hake  hold'* 
of  it  and  bear  it  past  the  place  it  intended  to  alight  upon. 

As  when  dealing  with  "Taking  flight,"  I  illustrated  my  remarks 
by  photographs  of  the  gannet,  it  may  be  well  now  to  continue  with 
the  same  bird,  and  to  try  to  follow  some  of  its  actions  when  alighting. 

In  plate  6/  figure  2,  the  gannet  is  approaching,  intent  on  alighting. 
The  pace  is  comparatively  slow,  and  is  being  continually  lessened, 
and  the  course  of  the  bird  is  being  steadied  by  the  trailing  feet.  The 
position  of  its  home  is  not  indicated  in  the  picture;  it  was  on  the 
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top  of  the  column  of  rock,  the  base  of  which  is  vaguely  suggested  at 
the  left-hand  side  of  the  print.  Each  time  the  bird  approached  its 
method  was  the  same.  It  flew  along  the  cliff-face  until  it  reached  a 
point  nearly  opposite  to  the  nest,  but  considerably  below.it;  then  it 
swept  roimd  abruptly  until  it  faced  the  cliff,  at  the  same  time  giving 
its  course  a  strong  upward  tendency,  still  trailing  its  feet.  Plate  7, 
figure  1,  shows  thq  bird  just  after  it  had  faced  round  to  the  cliff  and 
was  sweeping  upward.  As  soon  as  it  arrived  directly  opposite  to  its 
nest,  its  one  thought  was  to  stop  the  forward  and  upward  impetus 
produced  by  the  great  soaring  approach. 

Plate  7,  figure  2,  shows  plainly  the  measures  adopted  by  another 
bird — which,  by  the  way,  advanced  in  a  more  direct  and  horizontal 
course,  and  had,  therefore,  a  more  direct  forward  momentum  to 
counteract.  It  flew  straight  for  its  nest,  sweeping  slightly  upward 
xmtil  it  found  itself  almost  opposite  the  place,  and  perhaps  some  5  or  6 
yards  distant  from  it.  Then  by  a  dexterous  turn  it  threw  the  plane 
of  its  great  surface  into  a  vertical  position  and  at  right  angles  to  the 
direction  of  its  course,  thus  offering  the  maximum  amoimt  of  resist- 
ance possible.  The  whole  area  of  the  wings,  body,  and  tail  is  directly 
opposed  and  spread  out  to  resist  the  bird's  forward  passage  through 
the  air,  and  it  is  interesting  to  note  how  the  tail  has  been  extended 
to  the  utmost,  fan  wise,  so  as  to  increase  as  much  as  possible  the 
effective  area.  It  will  be  noticed  that  the  feet  are  thrust  forward 
and  the  webs  extended  in  anticipation  of  the  coming  contact.  That 
a  great  strain  is  being  placed  upon  the  wings  and  that  therefore  a 
great  resistance  is  being  encountered  is  indicated  by  the  curve  of  the 
primaries.  * 

Plate  8,  figure  1,  shows  the  position  a  moment  later.  The  bird 
has  now  got  its  feet  upon  the  rock  (or  rather  one  foot,  for  the  other 
is  thrust  out  horizontally  on  the  nest,  having  no  doubt  missed  its 
mark,  and  can  be  of  little,  if  any,  support),  and  appears  to  be  almost 
stationary,  but  as  a  matter  of  fact  it  has  still  a  forward  impetus  which 
the  raised  wings  are  trying  to  counteract.  The  bird  has,  indeed, 
just  set  foot  upon  the  ledge,  and  is  falling  forward  in  the  direction 
of  its  approach. 

The  last  photograph  (pi.  8,  fig.  2)  again  carries  us  on  a  brief  moment. 
Now  the  bird  has  pitched  forward  on  to  its  breast,  its  wings  having 
failed  to  find  sufficient  resistance  in  the  air  to  counteract  the  body's 
momentum,  and  in  consequence  the  wings  have  come  crashing  down 
upon  the  rocks  at  the  end  of  their  strenuous  beat.  The  position  of  the 
tail  is  interesting;  in  plate  7,  figure  2,  it  is  seen  fully  expanded  and 
depressed  in  order  that  its  ventral  surface  may  oppose  the  forward 
progress,  and  now  it  is  turned  upward  above  the  back  so  that  its  dor- 
sal surface  may  find  resistance  and  try  to  coimteract  the  tendency 
to  pitch  forward  on  to  the  breast. 
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Plate  1. 


Fig.  1  .—Raising  the  Wings  Preparatory  to  Going. 
(Photographed  by  Bentley  Beetham.) 


Fig.  2.— About  to  Dive  Forth.  , 
(Photographed  by  Bentley  Beetham.) 
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Plate  2. 


FiGu  1.— GOINQ. 
(Photographed  by  Bentley  Beetham.) 


FiQ.  2.— Gone. 
(Photographed  by  Bentley  Beetham.) 
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Plate  3. 


Fig.  1  .—Fairly  on  the  Winq. 

•{Photograplied  by  Bentley  Beetham.) 
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Fig.  2.— The  Two  Extremes  of  Position. 
(Photographed  by  BentJey  Beetham.) 
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Plate  4. 


Fig.  1.— The  Feet  Used  as  Brakes. 

(Photogrraphed  by  Bentlcy  Beetham.) 


FiQ.  2.— Running,  as  it  were,  in  Space. 

(Photographed  by  Bentlcy  Beetham.) 
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Plate  5. 


Fig.  1.-THE  Depressed  Tail  Used  as  a  Brake. 
(Photogmphetl  by  Bentley  Beetham.) 
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FiQ.  2.— Nearly  Vertical  in  Position. 

(Photographed  by  Bentley  Beetham.) 
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Plate  6. 


Fig.  1.— Suddenly  and  Harmoniously  Wheeling. 

( Photographed  by  Beiitley  Beethani.) 


FiQ.  2.— Intent  ON  Alighting. 

(Photographed  hy  Bentloy  Beetham.) 
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Plate  7. 


FiQ.  1.— Sweeping  Upward. 

(Photc^raphed  by  Bentley  Beetham.) 


Fig.  2.— Maximum  of  Resistance. 
(Photographed  by  Bentley  Beetham.) 
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Plate  a. 


FiQ.  1.— Just  Set  Fcxjt  Upon  the  Ledge. 

(Photographed  by  Bentley  Beetham.) 


Fig.  2.— The  Wings  Have  Come  Crashing  Down  Upon  the  Rocks. 
(Photographed  by  Bentley  Beetham.) 
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THE  GARDEN  OF  SERPENTS,  BUTANTAN,  BRAZIL.* 


By  Ph)f.  S.  Pozzi. 


Member  of  the  Academy  of  MedUine,  Paris,  in  charge  of  scientific  expedition  to  Brazil  and 

the  Argentine  Republic, 


I  passed  but  12  days  in  Brazil  on  my  way  back  from  Buenos  Aires 
to  Europe.  There  is  much  to  be  said  about  the  medical  institutions 
of  the  two  large  cities  where  I  stopped,  Rio  de  Janeiro  and  St.  Paul. 
I  wish  that  I  could  express  all  the  admiration  I  have  for  my  colleagues, 
the  physicians  and  surgeons  of  Brazil,  and  tell  of  all  I  saw  and  appre- 
ciated; but  I  can  cite  only  a  few  names:  At  Rio  de  Janeiro,  Prof .  Feijo, 
jr.,  head  of  the  faculty;  Dr.  Aug.  Brandao,  professor  of  gynecology; 
Dr.  Daniel  d' Almeida,  Dr.  Magalhaes,  Dr.  H.  de  Toledo-Dodsworth, 
Dr.  Antonio  Rodriguez  Lima,  the  Drs.  Hilario  and  Nabuco  de  Govea, 
Dr.  Olympio  da  Fonseca;  the  general  secretary  of  the  Academy  of 
Medicine,  Dr.  Aloysio  de  Castro,  and  others.  At  St.  Paul,  I  would 
meirtion  especially  the  Drs.  Alves  de  Luna;  my  excellent  pupil.  Dr. 
Amado  Carvalho;  Dr.  Synesio  Rangel  Pestana,  and  Dr.  Oliveira 
Botelho,  formerly  minister  of  agriculture  and  a  distinguished  gynecol- 
ogist. Toward  aU  I  have  a  deep  feeling  of  gratitude  for  my  pleasant 
reception. 

But  I  must  limit  myself.  So  I  will  choose  from  among  my  experi- 
ences my  visit  to  the  antivenom  therapeutic  institution  at  Butantan 
near  St.  Paul. 

This  institution  has  at  its  disposal  incomparable  means  for  this 
study  and  work  because  of  its  situation  in  a  region  where  snakes 
aboimd.  Our  eminent  compatriot.  Prof.  Calmette,  of  Lille,  one  of  the 
pioneers  in  the  scientific  vaccination  against  snake  bites,  has  been 
too  often  impeded  and  limited  in  his  laboratory  work  because  of  the 
difficulty  in  procuring  the  exotic  snakes  whose  venom  was  necessary 
for  his  researches.  At  Butantan,  the  coimtry  people  from  aU  sides 
bring  in  their  captured  snakes,  in  exchange  for  which  they  receive 
tubes  of  the  beneficial  serum. 

1  Abstract  of  a  lecture  glyen  by  Prof.  S.  Poszi,  at  the  Henri  de  Rothschild  Polyclinic,  Mar.  29, 1911. 
Translated  by  permission  from  Revue  Sclentlflque,  Paris,  Apr.  22, 1911.    The  Illustrations  in  the  origi* 
nal  paper  here  omitted. 
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Brazil  may  be  coosidered  as  one  of  the  countries  most  infested  by 
venomous  serpents.  Though  they  have  completely  disappeared  from 
the  most  frequented  places,  they  are  still  extremely  numerous  in  the 
surrotmding  coimtry,  and  their  bites  are  a  fearful  source  of  danger  to 
the  workmen  of  the  coffee  or  sugar  plantations  who  go  with  naked 
feet. 

Two  great  genera  of  serpents  live  in  Brazil,  the  Crotalus  and  the 
Bothrops.  They  are  foimd  in  the  forests,  the  thickets,  and  the  damp 
places.  Naturally  rather  timid,  they  flee  as  soon  as  disturbed  by  a 
noise,  but  if  by  chance  one  of  them  is  touched  it  turns  upon  and 
angrily  bites  whoever  molests  it.  So  that  if  a  passerby  inadvert- 
ently puts  his  foot  on  one  he  is  at  once  bitten.  This  happens  veiy 
frequently  to  beasts  or  horses  when  they  disturb  the  peace  of  a  snake. 
Himters  dread  them  for  their  dogs  when  the  latter  search  in  the 
brushwood. 

According  to  statistics,  up  to  1906  there  died  annually  in  the  State 
of  St.  Paul  alone  more  than  240  persons  from  the  bites  of  snakes  of 
the  Crotalus  and  Bothrops  genera.  Since  the  distribution  of  serum 
from  the  scrotherapeutic  institution  of  Butantan,  the  number  of 
fatal  cases  has  diminished  at  a  rapid  rate. 

This  serotherapeutic  institution  consists  of  a  large  niunber  of 
buildings  separated  by  courts.  They  include  the  laboratory,  the 
ceUs  for  the  snakes,  the  stables  for  the  inoculated  horses,  the  store- 
houses for  the  manipulation  of  the  serum,  and  the  dweUings  of  the 
staff.     Everything  is  perfectly  organized. 

Many  obscure  points  relative  to  the  physiology  of  serpents  still 
require  study.  In  order  to  better  know  the  habits  and  all  the  details 
of  the  lives  of  serpents.  Dr.  Vital  Brazil,  the  eminent  director  of  this 
institution,  conceived  a  surely  novel  idea.  He  has  made  an  inclosure 
with  thick  waUs,  not  so  high  but  that  one  can  easily  look  over  them. 
Within  there  is  a  large  space,  a  kind  of  rustic  inclosure,  covered  in 
places  with  luxuriant  v^etation,  traversed  by  wide  paths,  with 
glades  here  and  there.  A  large  interior  ditch,  close  to  the  wall  and 
filled  with  water,  forms  a  second  barrier  and  prevents  the  escape  of 
the  dangerous  guests  that  people  these  thickets.  The  most  venomous 
serpents  are  to  be  placed  here  where  they  are  to  Uve  at  Uberty.  When 
I  was  at  Butantan  last  year  the  construction  of  this  place  was  almost 
complete.  At  the  present  time,  without  doubt,  Dr.  Vital  Brazil  and 
his  fellow  workers  have  already  made  many  curious  observations 
while  walking  to  and  fro  in  this  frightful  paradise,  in  this  garden  of 
snakes. 

Before  proceeding  it  will  be  weU  to  state  some  theoretical  concep- 
tions which  will  help  to  explain  the  importance  of  the  work  accom- 
plished by  this  institution. 
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The  pathological  physiology  of  venom  poisoning  has  become  very 
well  known  through  the  researches  of  Cahnette  and  V.  Brazil.  The 
poisoning  resulting  from  the  bite  of  a  Bothrops  is  hemorrhagic  in  nature. 
After  a  bite  there  occurs  a  decomposition  of  the  blood  which  escapes 
from  the  capillaries^  causing  profuse  hemorrhage  in  the  subcutaneoiis 
and  submucous  tissues,  accompanied  by  acute  congestion  of  theliver, 
kidneys,  and  brain.  It  is  a  sort  of  acute  purpura.  The  Crotalus 
venom,  on  the  contrary,  i3  a  paralyzing  poison.  It  produces  bulbar 
paralysis  with  disturbances  of  the  respiration,  the  vision,  and  the 
circulation.  Local  reaction  at  the  seat  of  the  wound  is  absent  or 
extremely  sUght.  Death  of  the  victim,  if  a  man,  results  after  a  vari- 
able time,  generally  about  24  hoiu^. 

Vital  Brazil  has  made  elaborate  studies  of  the  effects  of  venoms 
upon  animals.  The  poison  of  the  Crotalus  terrijicus  kills  a. pigeon 
when  one  one-thousandth  of  a  milligmm  is  injected  into  its  veins. 
The  fatal  doses  for  other  venoms  vary  slightly. 

I  will  now  describe  in  a  few  words  the  preparation  of  the  antivenom 
serum  at  Butantan. 

The  serum  prepared  at  Lille  by  Dr.  Cahnette  has  little  efficacy  in 
Brazil.  Indeed,  he  himself  sajrs  in  his  remarkable  book.  Upon 
Venoms,  "For  each  venom  there  is  a  corresponding  serum."  Since 
the  serum  of  the  institution  at  Lille  is  almost  wholly  prepared  with 
the  venom  of  Asiatic  snakes,  although  excellent  for  counteracting 
the  bites  of  European  vipers,  it  is  useless  against  the  bites  of  the 
Brazilian  Bothrops  or  Crotalus.  Accordingly  Dr.  Vital  Brazil  has 
prepared  two  specific  serums,  one  anticrotalic,  the  other  antibothropic, 
each  having,  in  small  doses,  a  ,particular  efficacy  against  the  bites 
of  the  corresponding  snakes.  But  as  it  is  rare  that  the  kind  of  snake 
producing  a  bite  is  known,  it  was  important  to  have  also  a  polyvalent 
serum,  that  is  one  equally  active  against  all  venoms.  Such  a  serum 
Dr.  Brazil  has  made. 

The  animal  used  to  furnish  the  antitoxic  serum  is  the  horse.  A 
young  and  healthy  animal  is  taken,  free  from  any  disease,  and 
particularly  from  glanders.  Horses  are  very  sensitive  to  the  venom 
from  snakes.  At  first  a  minimum  does  is  injected,  five  one-hundreths 
of  a  milligram;  theoi  the  does  is  increased.  The  injections  are 
repeated  every  five  or  six  days;  as  soon  as  the  animal  seems  to 
suffer  or  to  lose  weight  the  injections  are  stopped.  It  is  a  curious 
fact  that  as  soon  as  the  immunization  is  complete  the  animal  seems 
to  thrive  from  the  absorption  of  the  poison;  it  grows  fat,  its  weight 
increases.  And  yet  further,  a  horse  in  the  process  of  immunization, 
if  the  injections  are  stopped,  pines  away  somewhat  as  does  a  morphio- 
maniac  when  the  latter  is  deprived  of  his  habitual  poison.  The 
horse  has  become,  in  fact,  a  seromaniac. 
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The  immimization  lasts  about  a  year,  and  toward  the  end  enor- 
mous doses  are  given  reaching  1  gram.  The  horse  is  then  ready 
and  the  serum  from  its  blood  is  antitoxic  for  the  venom  with  which 
it  has  been  inoculated. 

In  such  manner  is  prepared  at  Butantan  the  anticrotalic,  the 
antibothropic  and  the  polyvalent  serums.  The  last  is  obtained  by 
alternating  the  injections,  using  the  venom  first  from  one  kind,  then 
from  the  other  kind  of  snake,  and,  as  its  name  indicates,  it  is  valuable 
as  a  remedy  for  the  bites  of  all  Brazilian  snakes.  It  is  therefore  of 
exceptional  practical  value. 

An  immunized  horse  will  funush  serum  for  a  very  long  time, 
provided  that  from  time  to  time  new  injections  of  the  venom  are 
administered.  After  each  bleeding  necessary  for  a  supply  of  serum, 
the  antitoxic  power  of  the  horse  diminishes  rapidly  but  recovers 
several  days  afterwards. 

In  the  case  of  man,  the  injection  of  the  serum  under  the  skin 
should  be  made  during  the  12  hours  following  a  bite.  If  the  kind 
of  snake  producing  the  bite  is  known,  the  serum  specific  to  that  kind 
is  the  more  efficient  toxin  to  employ  in  doses  of  from  10  to  20  c.  c, 
for  it  works  more  quickly  and  with  special  efficacy.  If  the  kind  of 
snake  is  not  known,,  as  is  usually  the  case,  then  the  polyvalent 
serum  must  be  injected  in  doses  up  to  60  c.  c.  in  serious  cases. 

The  serum  is  furnished  to  the  public  in  sealed  tubes  packed  in 
little  wooden  boxes.  A  minimum  price  is  charged.  Further,  the 
institute  at  Butantan  distributes  the  serum  free  to  hospitals,  to 
cities,  and  to  the  very  poor,  together  with  injection  syringes  and  the 
necessary  directions  for  its  use.  Xhe  only  remimeration  asked  by 
Dr.  Brazil,  at  times,  in  exchange  for  the  serum,  is  the  snakes  which 
are  essential  to  him;  and  so  by  bringing  a  cascavd  or  a  jararaca,  the 
Brazilian  countryman  receives  a  tube  of  the  liquid  serum. 

I  was  very  curious  to  visit  the  institution  at  Butantan  during  the 
few  days  I  stopped  at  St.  Paul  near  the  outskirts  of  which  it  is 
situated.  My  distinguished  colleague  and  friend.  Dr.  Alves  de 
Lima,  whom  I  can  not  thank  too  much  for  his  generous  hospitality, 
kindly  oflfered  to  accompany  me  there.  I  copy  the  following  account 
from  the  note  book  of  my  travels: 

A  powerful  40-liorBepower  automobile  carried  mb,  raising  clouds  of  dust,  along  the 
route  which  traversed  a  smiling  country  dotted  with  trees  and  exotic  shrubs.  After 
a  ride  of  about  half  an  hour  we  stopped  at  the  gate  of  a  kind  of  large  chalet  which 
belonged  to  a  group  of  new  buildings,  the  serotherapeutic  institution  of  Butantan. 
A  man  of  about  40  years  of  age,  tall,  eneigetic,  sim  burned,  wearing  a  black  mustache, 
with  remarkably  deep,  black  eyes,  a  reserved  and  deliberate  manner  in  marked  con- 
trast with  his  southern  appearance,  received  us  on  the  threshold.  He  wore  a  long 
white  coat,  such  as  surgeons  and  physiologists  wear.  Such  was  Br.  Vital  Brazil, 
director  of  the  institution  and  a  great  philanthropist.  To  him  Brazil,  and  indeed 
all  the  other  countries  of  South  America,  owe  the  systematic  production  of  the  serum 
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which  cores  the  bites  of  the  numerous  snakes  of  those  tropical  regions,  deadly  bites 
which  but  lately  killed  more  than  1,000  persons  a  year. 

He  commenced  his  study  by  himself;  he  is  indeed  a  '' self-made  *'  man;  later  he  con- 
tinued his  studies  at  Paris  wiUi  Roux,  at  Lille  with  Calmette,  and  at  Berlin  with  Koch. 
He  speaks  Frentii  very  purely  although  not  very  fluently.  Indeed  he  talks  very  little. 
It  was  always  necessary  to  ask  for  explanations  from  this  modest  and  somewhat 
taciturn  man. 

We  at  once  entered  the  laboratory,  a  great  hall  with  rows  of  jars  containing  snakes 
in  alcohol .  There  were  snakes  of  all  sizes,  of  all  colors,  of  all  forms,  ^ole  and  dissected 
to  show  their  various  organs  and  with  some  of  them  (who  would  have  believed  it?) 
full  of  parasites  peculiar  to  the  snakes.  In  other  jars  there  were  horrible,  venomous 
insects,  enormous  scorpions,  and  great  spider  crabs.  We  had  but  little  time  to  devote 
to  this  visit,  we  were  therefore  in  a  hurry  and  Dr.  Vital  Brazil  realized  it.  He  knew 
of  a  special  attraction  for  us,  a  snake  eater  of  snakes,  the  good  snake,  so  to  speak, 
which,  inoffensive  himself,  destroys  his  venomous  confreres  whose  bites  are  harmless 
to  him.  I  asked  Dr.  Brazil  to  show  us  this  curiosity.  He  was  prepared  for  my  request 
and  very  coiu'teously  acquiesced.  Only  the  good  serpent  had  already  eaten  some 
eight  days  ago,  and  for  a  snake  digestion  is  very  slow  and  the  appetite  long  in  return- 
ing; nevertheless  he  let  us  see. 

And  here  we  saw  the  good  serpent:  It  was  taken  from  a  box  by  means  of  a  long 
crooked  stick,  with  a  handle,  which  seized  the  snake  by  the  middle,  like  a  common 
sausage,  and  deposited  it  on  the  groimd  near  us.  It  was  a  kind  of  great  adder,  about 
a  meter  long,  of  a  blue  color  having  the  sheen  of  steel,  so  shiny  that  it  seemed  wet. 
It  crawled  slowly,  erecting  its  flat  head,  darting  out  its  tongue,  and  seemed  formidable 
despite  its  good  reputation.  In  order  to  reassure  us.  Dr.  Brazil  took  it  in  his  hands 
and  twined  it  about  his  anns;  he  told  us  at  the  same  time  the  snake's  scientific  name, 
Rackidelus  brasUij  locally  known  as  the  "Mussurana."  The  natives  and  especially 
the  himters  have  known  it  for  a  long  time,  but  until  very  recently  were  ignorant  of 
its  habits  and  its  so  useful  tastes. 

With  the  same  crooked  stick  he  took  from  a  box  another  serpent,  this  time  an  exceed- 
ingly venomous  one,  the  terrible  Lachens  lanceokUuSj  the  "  Jararaca''  of  the  Indians. 
Its  bite  in  a  few  minutes  kills  man  or  animal.  We  recoiled  instinctively.  He  placed 
it  dose  to  the  good  Mussurana,  and,  at  a  respectful  distance,  we  formed  a  ring  about 
them.  I  confess  I  looked  back  of  me  to  see  whether  an  open  door  was  at  hand.  The 
two  snakes  lay  there  almost  motionless,  side  by  side,  and  apparently  seemed  to  take 
no  notice  of  each  other.  Dr.  Brazil  thought  surely  that  the  Mussurana,  having  just 
eaten  his  fill,  would  not  "make  a  march,''  if  I  may  so  express  myself.  Suddenly  it 
made  a  movement  and  drew  nearer  to  its  formidable  victim.  The  latter,  as  well  as 
we,  had  seen  the  imdulation  of  his  adversary;  it  also  stirred.  Did  it  wish  to  escape 
or  did  it  rely  upon  its  irresLstible  fangs?  With  incredible  quickness  which  told 
plainly  that  its  apparent  torpor  was  only  tactical,  the  good  serpent  darted  its  open 
mouth  upon  the  neck  of  its  prey,  evidently  aiming  to  get  hold  of  the  nape  of  its  neck 
in  order  to  render  its  opponent  helpless.  The  latter,  upon  its  guard,  quickly  turned 
and  darted  its  fangs  into  the  body  of  the  other.  The  good  serpent  is,  however,  immune 
to  the  poison  by  nature.  And  see,  in  an  instant  the  Lachesis  is  enlaced,  twisted  about 
in  the  muscular  spiral  formed  by  the  body  of  its  adversary;  they  roll  convulsively, 
one  about  the  other,  one  within  the  folds  of  the  other,  and  I  wondered  for  a  minute 
whether  the  Mussurana  was  not  trying  to  choke  the  Jararaca.  Very  soon  I  discovered 
the  purpose  of  this  maneuver;  it  had  seized  the  enemy  lower  than  it  had  wished  at 
the  first  grasp,  and  little  by  little  was  advancing  its  hold  gradually  until  it  had  its 
mouth  up  close  to  that  of  the  Jararaca.  Now  it  had  a  firm  grip  close  to  the  lower 
jaw;  it  had  the  jaw  as  in  a  vice  with  its  little  flat  head,  which  looked  like  an  instrument 
of  a  surgeon  or  of  a  torturer,  closed  nippers  of  steel.  The  venomous  head,  lamentably 
open  and  as  if  disjointed  in  the  constant  effort  to  escape,  extended  several  centiqieters 
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beyond  the  coils  which  enfolded  the  body  and  about  which  they  were  entwined. 
The  last  turns  formed  a  kind  of  block  upon  which  rested  and  was  thrown  back  the 
stretched  neck  like  the  cord  on  a  ci4)6tan. 

The  whole  body  of  the  wicked  serpent  had  disappeared  within  the  folds  of  the  good 
serpent;  its  extremities  alone  remained  visible,  the  helpless  head  otf  one  side,  the 
slowly  moving  tail  at  the  other. 

"He  is  going  to  dislocate  the  cervical  vertebrae,*'  Dr.  Brazil  whispered  to  me,  ''you 
will  see;  it  is  very  curious."  Indeed  it  was  very  curious  and  even  rather  horrible 
to  see.  But  we  were  as  if  fascinated  by  this  spectacle,  the  contest  between  the  good 
and  the  bad  reptile,  between  Ormuzd  and  Ahriman. 

During  several  minutes,  which  seemed  to  me  interminable,  Ormuzd  had  stretched 
the  neck  of  his  half-dead  adversary,  using  some  of  his  own  entwining  coils  as  a  ful- 
crum, and  ingeniously  employing  the  principle  of  the  lever.  Thai  he  commenced 
to  twist  slowly  from  right  to  left,  from  left  to  right,  the  stretched,  taut  neck. 

Was  Ahriman  dead  when  I  left  this  spectacle  to  see  the  rest  of  the  institution?  I 
would  not  venture  to  say  that  he  was  entirely  dead  when  Ormuzd,  after  our  departure, 
commenced  to  swallow  him.  An  hour  later,  when  we  returned,  the  deed  was  almost 
done.  The  good  Mussurana  was  stretched  at  full  length  upon  the  ground  where  we 
had  left  them  rolled  up  as  in  a  ball.  We  could  distinctly  see  by  the  abrupt  swelling 
of  the  steely  armor  the  point  to  which  the  swallowing  of  the  prey  had  progressed. 
The  latter  had  disappeared,  swallowed  up  close  to  the  tail;  and  a  detail  which  struck 
me  and  which  moved  me  despite  my  knowledge  of  the  imconsciousness  of  reflex 
movements,  that  little  tail  was  coiled  about  one  of  the  l^s  of  a  table  and  clung  to  it 
yet  with  convulsive  tremblings. 
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By  Paul  C.  Standley. 


When  the  Spanish  conqnistadores  journeyed  northward  from  the 
mountains  and  plains  of  Mexico  into  what  is  now  the  United  States, 
their  initial  expeditions  led  them  along  the  narrow  valley  of  the  Rio 
Grande.  Near  the  banks  of  this  stream,  or  sometimes  at  some  dis- 
tance from  its  waters,  they  foxmd  pueblos  or  Indian  villages  whose 
inhabitants  supported  themselves  principally  by  agriculture.  The 
surroimding  regions  were  peopled  by  nomadic  tribes  who  derived 
their  sustenance  from  the  imtilled  resources  of  an  apparently  impro- 
ductive  land. 

A  not  imcommon  belief  among  people  who  have  never  visited  the 
far  Southwest — that  part  of  the  United  States  consisting  of  New 
Mexico,  Arizona,  western  Texas,  and  the  adjacent  lands — ^is  that  it 
is  a  vast  desert.  By  a  desert  is  generally  imderstood  a  region  where 
the  water  supply  is  scanty  or  lacking  and  the  vegetation  sparse. 
That  such  a  condition  is  characteristic  of  lai^e  portions  of  New 
Mexico  must  be  acknowledged.  Not  a  small  proportion  of  that  State 
consists  of  sandy  plains  with  but  a  thin  mantle  of  vegetation,  or  of 
barren  rocky  hills  and  great  malpais — areas  invested  with  compara- 
tively recent  lava  flows.  But  there  remains  a  considerable  area  com- 
posed of  fertile  river  valleys  artificially  watered  by  the  streams  which 
flow  through  them,  and  a  stiU  larger  region  of  high  mountains  cov- 
ered with  heavy  forests  and  luxuriant  herbage.  Among  the  thickly 
scattered  ranges  rise  many  high  peaks  upon  which  snow  remaina 
through  nearly  the  entire  year. 

In  the  most  arid  desert  regions  plant  life  is  abundant,  even  if  incon- 
spicuous, and  the  variety  of  species  to  be  found  there  is  greater  than 
one  would  infer  from  the  number  of  individual  plants.  Many  among 
these  have  proved  useful  to  man  and  were  of  the  greatest  importance 
in  the  economy  of  the  early  inhabitants.  Existence  must  have  been 
one  continuous  struggle  among  the  aborigines,  situated  in  a  country 
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where  climatic  conditions  from  an  ordinary  point  of  view  are  mifa- 
vorable.  They  had  to  depend  ahnost  wholly  upon  the  natural 
resources  of  their  homes  imtil  the  Spaniards  introduced  domestic 
animals  and  improved  methods  of  agriculture,  and  they  were  there- 
fore forced  to  utilize  every  possible  source  of  food,  whether  among 
plants  or  animals.  There  have  come  down  to  us  accoxmts  of  the 
employment  for  food  of  many  plants  which,  to  the  people  of  to-day, 
would  seem  impossible  of  being  thus  utilized.  The  Zufiis,  for  instance, 
gathered  and  ate  the  inner  layer  of  the  bark  of  the  yellow  pine,  a 
substance  most  difficult  of  digestion  and  at  best  very  low  in  nutritive 
value.  Tradition  has  failed  to  record  the  foods  to  which  the  people 
were  driven  in  times  of  unusual  want,  but  in  such  periods  almost 
every  plant  not  absolutely  poisonous  must  have  been  requisitioned. 
With  ^e  advent  of  civilization,  and  especially  in  recent  years  with 
the  development  of  the  railroads,  making  it  possible  to  import  provi- 
sions, the  use  of  many  substances  which  formerly  served  as  food  has 
been  discontinued,  even  by  the  least  civilized  tribes.  While  the 
earlier  inhabitants  of  New  Mexico  depended  upon  dozens  or  even 
hundreds  of  the  native  plants,  present  inhabitants  disregard  all  but 
a  few,  now  that  more  suitable  food  can  be  so  easily  secured.  There 
are,  however,  a  number  of  plants  which  are  still  used  extensively  by 
the  natives  of  the  country  for  different  purposes,  and  some  have 
even  attracted  the  attention  of  the  recent  immigrants. 

Most  important  among  native  economic  plants,  at  least  to  the 
original  population,  were  those  which  furnished  food.  Not  less 
deserving  mention  here  are  some  that  are  or  have  been  employed  for 
fuel,  in  basketry,  as  dye  plants,  and  for  certain  other  purposes. 

The  most  interesting,  certainly  the  most  remarkable,  group  of 
southwestern  plants  consists  of  the  members  of  the  Cactacese  or  cactus 
family.  These  at  once  attracted  the  attention  of  the  early  explorers, 
and  no  stranger  visiting  this  region,  whether  he  be  interested  in  the 
botanical  features  of  a  region  or  not,  fails  to  remark  upon  these 
peculiar  forms  of  vegetation.  Over  70  species  of  this  group  are  known 
to  occur  in  New  Mexico,  ranging  in  size  from  the  small  globular 
Mamillarias  or  pincushion  cactuses,  often  less  than  an  inch  in  diame- 
ter, to  the  large  branched  choUa  or  cane  cactus,  frequently  10  feet 
high  or  more.  Almost  all  the  representatives  of  this  family  bristle 
with  spines,,  which  fortify  them  against  the  assaults  of  animals,  or 
possess  other  adaptations  for  maintaining  themselves  amid  the  most 
unfavorable  surroundings.  They  are  found  everywhere  in  New 
Mexico  except  upon  the  high  moxmtains,  but  they  are  by  far  most 
numerous  in  the  southern  part  of  the  State.  Here  on  a  single  sinall 
calcareous  hill  no  less  than  15  species  have  been  collected,  each  rep- 
resented by  hundreds  of  individuals. 
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For  the  greater  part  of  the  year  cactuses  are  little  more  than 
masses  of  spines,  of  bizarre  but  scarcely  beautiful  appearance;  but  in 
the  spring  with  the  advent  of  warm  weather  their  buds  develop  and 
the  plants  are  transformed  into  clusters  of  resplendent  flowers.  No 
southwestern  plants  produce  more  showy  blossoms;  hence  they  are 
admirably  suited  for  cultivation  in  arid  districts,  where  it  is  difficult 
or  impossible  to  grow  the  ornamental  plants  favored  elsewhere.  The 
most  beautiful  of  all  our  native  cactuses  are  the  species  of  the  genus 
EcUnocereus.  These  are  characterized  by  spiny  cylindrical  stems, 
seldom  more  than  1  foot  high  and  3  or  4  inches  in  diameter,  growing 
singly  or  in  clumps.  Their  flowers,  borne  profusely  along  the  angles 
of  the  stems,  are  very  large,  often  6  inches  long,  and  of  bright  and  rich 
hues  ranging  through  yellow,  pink,  scarlet,  salmon,  crimson,  and 
purple.  At  the  New  Mexico  Agricultural  College  beds  of  some  of  the 
different  species  have  been  established,  each  containing  several  hun- 
dred plants.  When  in  full  flower  these  present  a  display  of  color  sel- 
dom equaled  by  any  of  our  cultivated  plants.  Unfortimately  they 
do  not  bloom  all  summer,  but  usually  continue  in  flower  several  weeks. 
Other  groups  of  the  Cactacese  are  almost  equally  handsome.  The 
prickly  pears  are  covered  in  early  summer  with  yellow  or  whitish 
flowers.  The  cane  cactus  (Qpuntia  arhorescens)  bears  hundreds  of 
large  red  blossoms.  The  flowers  of  the  MamiUarias  are  generally 
bright  pink  but  too  small  to  be  showy,  and  those  of  the  species  of 
Echinocactus  are  small  and  of  dull  tints. 

The  most  widely  distributed  of  the  cactuses  are  the  prickly  pears  or 
flat-jointed  Opuntias,  whose  representatives  in  New  Mexico  number 
about  30  species,  at  least  one  or  two  of  which  occur  in  every  section  of 
the  State  (pis.  2,  3).  This  is  the  group  to  which  the  so-called  "spine- 
less cactus"  belongs.  While  there  are  no  native  species  in  New 
Mexico  that  are  completely  spineless,  at  least  two  are  practically  so. 
The  spineless  sorts  which  are  reputed  to  have  been  developed  in  culti- 
vation are  tender  and  can  not  endure  the  winters  of  even  the  southern 
part  of  the  State.  The  common  spiny  prickly  pears,  the  nopales  of 
the  Spanish-epeaking  people,  are  used  as  food  for  stock,  especially 
when  seasons  of  drought  have  depleted  the  ranges.  They  are  less 
extensively  utilized  in  New  Mexico  than  in  some  other  parts  of  the 
Southwest,  chiefly  because  the  stockmen  of  the  State  are  xmac- 
quainted  with  their  possibilities.  To  prepare  them  for  cattle  feed 
the  spines  are  singed  off  with  a  torch,  after  the  plants  have  been 
hauled  to  some  central  point  or  while  they  are  standing  in  the  field. 
Experiments  have  been  made  to  ascertain  the  feasibility  of  growing 
prickly  pear  in  quantity  for  stock  feed,  but  these  have  so  far  resulted 
in  failure,  chiefly  because  cottontails  and  jack  rabbits  eat  them  as 
rapidly  as  they  grow  and  seem  to  prefer  the  cultivated  plants.  When 
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hard  pressed  by  hunger  cattle  will  eat  cactuses,  spines  and  all,  even 
attacking  the  very  spiny  choUas.  The  joints  of  the  choUas  are  readily 
detached  from  the  plants  and  are  often  seen  clinging  to  the  animals' 
bodies. 

In  some  parts  of  the  Southwest  the  young  pads  of  the  prickly  pear 
are  prepared  for  human  food,  the  tender  joints  being  peeled  and 
cooked  in  various  ways.  They  are  not  likely  to  become  a  popular 
vegetable  since  they  are  nearly  flavorless  and  their  large  amount  of 
mucilaginous  matter  is  unpleasant  to  most  people.  The  joints  have 
been  used  as  poultices  and  their  juice  is  occasionally  employed  in  siz- 
ing rough  walls  preparatory  to  the  application  of  paper. 

The  fruit  of  the  prickly  pear,  known  as  the  tuna  (pi.  4,B),ia  highly 
prized  in  Mexico,  where  it  is  gathered  in  great  quantities.  The  kinds 
growing  there  have  larger  and  more  palatable  fruits  than  any  of  the 
New  Mexican  forms.  Some  of  the  northern  species  produce  a  dry 
fruit  consisting  of  little  but  spines  and  seeds,  and  consequently 
inedible.  Others  of  the  tunas  are  large  and  juicy  and  beautifully  col- 
ored, but  even  they  have  large  seeds.  The  fruit  has  a  pleasant  flavor 
and  a  taste  for  it  does  not  have  to  be  acquired,  as  it  must  for  so  many 
of  the  xmusual  tropical  or  semitropical  fruits.  Some  of  the  other 
cactuses  have  still  better  flavored  fruits,  best  of  all  being  those  l^me 
by  the  different  species  of  Echinocereus.  In  this  genus  the  seeds  ai*e 
small  and  can  be  eaten  along  with  the  pulp.  In  the  earlier  days,  and 
to  some  extent  at  the  present  time,  the  different  cactus  fruits  were 
gathered  by  the  Indians,  who  ate  the  fresh  ones  either  raw  or  cooked, 
and  often  dried  them  in  the  sun  for  use  in  winter.  The  tunas  are  cov- 
ered with  very  fine  spines  which  must  be  removed,  the  Indians  resort- 
ing to  small  brushes  of  dried  grass  for  the  purpose.  Tbe  Echinocereus 
fruits,  besides  being  much  more  finely  flavored  than  the  tunas,  are 
easier  to  eat  because  they  are  protected  only  by  large  spines  that  are 
easily  removed  with  the  fingers  when  the  fruit  is  fully  ripe. 

Tunas  have  not  been  utilized  extensively  in  New  Mexico  by  recent 
immigrants  who  often  eat  them  when  they  happen  upon  ripe  fruits 
but  seldom  make  any  definite  effort  to  gather  them  in  quantity. 
Sometimes  they  are  collected  and  their  juice  extracted  and  used  in 
the  preparation  of  jellies  and  sirups,  the  products  thus  obtained  com- 
paring favorably  in  flavor  and  appearance  with  any  similar  ones  from 
other  fruits.  It  has  been  discovered  that  a  valuable  coloring  matter, 
a  rich  red  similar  to  that  of  cochineal,  can  be  extracted  from  them  to 
be  used  in  tinting  candies  and  pastry.  The  prickly  pear,  inciden- 
tally, is  often  a  host  of  the  cochineal  insect  which  in  spring  and  early 
summer  often  completely  covers  the  plants  with  its  white  webs. 

In  the  southern  part  of  New  Mexico,  on  the  mesas  bordering  the 
Rio  Grande,  is  one  of  the  most  remarkable  cactuses,  known  as  the  fish- 
hook or  barrel  cactus  or  viznaga  (Echinocactus  wislizeni,  pi.  6,  A). 
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This  was  unknown  to  botanists  until  the  year  1846,  when  it  was  dis- 
covered by  Dr.  Wislizenus  who  was  making  a  journey  of  scientific 
exploration  through  the  Southwest.  He  first  saw  the  viznaga  near 
the  village  of  Dona  Ana  at  the  lower  end  of  the  Jomado  del  Muerto, 
on  August  5,  and  speaks  of  it  in  these  words: 

Before  reaching  Dofiana  I  met  on  the  road  with  the  laigest  cactus  of  the  kind  I  have 
ever  seen.  It  was  an  oval  Echinocactus  with  enormous  fishhook-like  prickles,  measur- 
ing in  height  4  feet  and  in  the  largest  circumference  6  feet  8  inches.  It  had  yellow 
flowers  and  at  the  same  time  seed,  both  of  which  I  took  along  with  some  of  the  ribs. 

These  specimens  ultimately  reached  Dr.  Geoi^e  Engelmann  of  St. 
Louis,  the  first  botanist  to  make  an  extensive  study  of  our  North 
American  CactacesB,  who  named  the  species  in  honor  of  its  discoverer. 
This  viznaga  is  seen  in  cultivation  in  the  Southwest  and  occasionally 
in  the  East.  The  plants  that  have  been  mutliated  assume  strange 
forms,  and  bifurcate  or  cristate  stems  are  not  uncommon. 

The  barrel  cactus  is  a  potential  source  of  water  in  extreme  need. 
When  its  top  is  removed  and  the  juicy  white  pulp  macerated  with  a 
club  a  quantity  of  a  dear  watery  liquid  is  extracted  from  it.  While 
this  will  serve  as  a  substitute  for  water  in  cases  of  severe  thirst  its 
taste  is  not  altogether  agreeable,  and  fortunately  in  New  Mexico 
water  is  rarely  so  scarce  as  to  necessitate  such  a  substitute.  The  i$ulp 
of  the  viasnaga  is  used  more  satisfactorily  for  another  purpose.  When 
cut  into  stripe  or  cubes,  boiled  several  hours  until  tender,  then  cooked 
in  a  thick  sirup  which  is  usually  prepared  from  the  crude  brown  sugar 
so  lai^ely  used  in  Mexico,  molded  into  rough  cones  known  as  pilon- 
cillos,  the  resultant  product  is  a  candied  pulp  similar  to  candied  pine- 
apple or  citron,  of  a  delicious  flavor  (pi.  5).  Lai^e  quantities  of  it  are 
made  every  spring  by  the  native  people  and  sold  by  vendors  about 
the  streets  of  nearly  all  southwestern  towns.  It  is  known  as  dulce 
de  viznaga.  More  recently  another  possible  use  for  the  plant  has 
been  foimd.  The  flesh  after  being  cut  into  long  thin  strips  and, 
treated  with  a  glycerin  solution  forms  a  sort  of  v^etable  leather 
which  has  been  manufactured  into  souvenirs  for  the  tourist  trade. 

Remarkable  among  the  novel  curios  to  be  foimd  in  the  shops  of 
the  towns  frequented  by  tourists  are  the  canes  made  from  the  stems 
of  the  choUa  (Opuntia  arhorescens).  These  are  long  narrow  cylinders 
of  wood  composed  of  a  network  of  coarse  woody  bundles  with  many 
interstices.  They  are  the  woody  part  of  the  choUa  from  which  flesh 
and  spines  have  been  removed.  Although  easy  to  prepare,  to  one 
who  is  ignorant  of  the  method  of  manufacture  they  appear  to  have 
been  whittled  from  a  solid  stick  of  wood  with  painstaking  care.  This 
tree  cactus  is  another  of  the  plants  first  made  known  to  science 
through  the  explorations  of  Dr.  Wislizenus.  Among  the  Spanish 
people  it  is  sometimes  known  as  velas  de  coyote  (coyote  candles). 
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Almost  as  conspicuous  as  the  cactuses  are  the  Yuccas,  a  group  of  ^ 
desert  plants  whose  members  are  variously  known  as  Spanish  dagger, 
soapweed,  Spanish  bayonet,  palma,  palmilla  (pi.  1),  or  datiL  There 
are  seven  species  that  grow  in  New  Mexico,  at  least  one  of  them  in 
every  part  of  the  State  except  the  higher  mountains,  and  one  species 
does  extend  into  some  of  the  ranges  as  high  as  9,000  feet.  Usually 
they  grow  on  the  plains  and  mesas  or  in  the  foot  hills.  Most  of  them 
are  low,  consisting  of  a  cluster  of  long,  narrow,  more  or  less  rigid, 
sharp-pointed  leaves  2  feet  long  or  shorter,  arising  from  a  short  stem 
or  caudex.  From  this  mass  of  leaves  appears  the  inflorescence,  which 
takes  the  form  of  a  raceme  or  panicle  crowded  with  nearly  white, 
bell-shaped  flowers  (pi.  7).  In  southern  New  Mexico  three  species 
grow  much  larger,  having  trunks  often  6  or  8  and  rarely  15  feet  high, 
surmounted  by  a  cluster  of  leaves  above  which  are  thrust  up  the 
panicles  to  a  height  of  3  to  5  feet  more. 

The  yucca  which  is  of  greatest  economic  importance,  perhaps,  is 
the  datil  {Yucca  haccaia,  pi.  8),  which  grows  in  the  foothills  of  the 
northern  part  of  the  State  in  great  abundance,  and  extends  in  lessened 
numbers  south  to  the  Mexican  border.  It  is  one  of  the  low  forms, 
never  more  than  2  or  3  feet  high,  but  it  is  noteworthy  from  the  fact 
that  its  fruit,  unlike  that  of  other  species,  is  fleshy  and  edible.  In 
form  the  fruit  is  cylindrical  or  conical  and  usually  6  inches  long, 
with  a  smooth  skin.  When  ripe  it  somewhat  suggests  a  banana, 
because  of  its  shape  and  yellow  color,  and  is  palatable  despite  the 
large  black  seeds  with  which  it  is  filled.  No  use  has  ever  been  made 
of  it  by  the  English-speaking  people  and  little  by  those  of  Spanish 
descent,  but  it  was  an  important  food  among  the  Indians,  who  do  not 
altogether  ignore  it  now.  The  Navahos  made  more  extensive  use  of 
it  than  any  other  tribe,  possibly  because  the  plant  grows  so  luxuri- 
antly in  their  territory,  where  it  sometimes  covers  the  foothills  with 
almost  unbroken  ranks.  Regular  expeditions  were  made  to  gather 
the  fruit  when  it  was  ripe.  Sonie  of  it  was  eaten  fresh,  either  raw  or 
cooked,  but  often  it  was  preserved  for  winter  use.  The  ripe  fruits 
were  dried  by  the  fire  on  flat  stones,  then  ground  and  kneaded  into 
small  cakes,  which  were  laid  in  the  sun  and  allowed  to  dry  still  further. 
These  cakes  were  stored  until  wanted,  when  they  were  broken  up  and 
mixed  with  water  and  in  this  form  eaten  with  bread,  meat,  or  oth^ 
dishes. 

The  Zufiis,  and  probably  some  of  the  other  Indian  peoples,  ate  the 
seed  capsules  of  tlie  dry-fruited  species  after  they  had  been  boiled 
and  made  into  a  sort  of  pickle.  These  must  be  very  inferior  to  the 
fruit  of  the  datil,  for  they  have  an  unpleasant  taste  before  being 
cooked,  besides  being  hard  and  not  at  all  fleshy. 

The  roots  of  all  yuccas  contain  a  high  percentage  of  saponin  and  are 
employed  as  detergents.    After  being  dug  and  grated  or  otherwise 
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reduced  to  small  particles  they  are  used  almost  exactly  as  soap,  form- 
ing a  copious  and  persistent  lather.  Both  the  Indians  and  the 
Mexican  population  use  the  soap  weed  in  this  form,  especially  for 
washing  tiie  hair.  The  ground  root,  amole,  is  said  to  be  superior  to 
soap  for  many  purposes.  In  small  amounts  it  has  been  placed  upon 
the  market,  where,  if  its  merits  were  better  known,  doubtless  a  profit- 
able sale  could  be  f oxmd  for  it.  The  soap  weeds  thrive  so  well  through- 
out the  Southwest  that  an  almost  inexhaustible  supply  of  the  roots 
could  be  depended  upon.  There  are  possibilities  in  the  use  of 
saponin  from  this  source  for  other  purposes. 

Yucca  leaves  furnished  the  Indians  with  the  most  satisfactory 
material  for  their  basketry.  The  Mescalero  Apaches,  whose  baskets 
compare  favorably  with  those  made  by  any  of  the  North  American 
Indians,  use  the  leaves  of  two  species  (Yucca  radiosa  and  Y.  macro- 
carpa),  obtaining  from  either  of  them  two  colors  of  fiber  with  which 
they  usually  associate  a  third  derived  from  another  source.  From 
the  interior  of  the  yucca  leaf  is  taken  the  nearly  white  fiber  which 
forms  the  groundwork  of  the  basket.  The  geometrical  designs  with 
which  these  are  customarily  decorated  are  worked  in  with  strips  from 
the  outer  coarser  part  of  the  leaf,  of  a  soft  greenish-yellow  color. 
With  these  the  weavers  combine  a  few  stratids  of  a  dark  reddish- 
brown  fiber  prepared  from  the  bark  of  the  lemita,  a  kind  of  sumac 
(Schmali2ia  trilohata  and  related  species).  Not  all  Indian  baskets 
made  in  New  Mexico  are  woven  from  these  materials,  but  most  of 
them  are  substantially  the  same.  Some  tribes  use  the  bark  of  the 
willow  or  that  of  other  trees  and  shrubs,  while  a  few  prefer  the  stems 
of  cat-tails,  rushes,  or  sedges.  The  Apaches  also  fashion  wicker  water 
bottles  from  the  slender  willow  twigs,  waterproofing  them  with 
interior  and  exterior  coats  of  resin  from  the  yellow  pine.  Anywhere 
upon  the  Mescalero  Reservation  one  may  come  upon  dead  pines,  killed 
by  the  removal  of  the  bark  from  their  trunks  for  several  feet  above 
groimd  so  as  to  produce  an  exudation  of  resin  for  this  purpose. 
Almost  all  the  Indian  tribes  of  the  Southwest  manufact\u*e  similar 
receptacles  for  water,  although  some  use  earthenware  jars. 

Because  of  the  prominence  and  strength  of  their  fibro-vascxdar 
bimdles  Yucca  leaves  have  been  considered  as  a  possible  source  of 
fiber  for  cordage,  but  they  are  not  well  suited  to  such  a  purpose  since 
their  product  is  coarse  and  hard.  On  a  small  scale  the  leaves  have 
been  made  into  heavy  stable  brooms  and  there  is  a  possibility  of  a 
more  extensive  utilization  in  this  direction. 

There  are  several  New  Mexican  plants  that  may  become  fiber  pro- 
ducers. The  bear  grass  (Nolina  microcarpa  and  other  species,  pi.  9) 
furnishes  a  good  quaUty  of  fiber,  and  tests  have  been  made  of  the 
sotol  (Dasylirion  wheeleri).  Related  plants  furnish  commercial 
fibers  in  Mexico  and  other  coxmtries.    The  lechuguilla  (Agave  lechw- 
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guiUa),  a  Congener  of  the  mescal  but  a  smaller  plant,  yields  a  fiber 
which  is  twisted  into  rope  and  twine  in  Mexico.  It  covers  many 
miles  of  the  desert  of  western  Texas,  although  in  that  region  little 
effort  has  been  made  to  utilize  it.  It  barely  reaches  southern  New 
Mexico  and  can  never  be  of  economic  importance  here. 

Recent  advances  in  the  price  of  rubber,  caused  by  its  increased  use 
in  manufactures,  have  stimulated  a  search  all  over  the  world  for 
rubber-yielding  plants.  A  large  and  profitable  industry  has  been 
developed  in  northeastern  Mexico  in  the  extraction  of  rubber  from 
one  of  the  Compositad  known  as  guayule  (Parthenium  argentaium). 
It  has  been  reported  repeatedly  that  guayule  occurs  in  New  Mexico, 
but  such  statements  are  not  supported  by  investigations.  Although 
the  sections  of  the  State  where  it  might  be  expected  to  grow  have 
been  carefully  explored  by  botanists  searching  for  it,  not  a  single 
plant  has  been  foimd.  Another  species  of  the  genus,  mariola  (JPar- 
thenium  incanum),  from  which  rubber  can  be  extracted,  does  occur 
in  New  Mexico  on  the  dry  limestone*hills  near  the  southern  border. 
It  is  said  to  yield  a  fair  quality  of  rubber,  but  a  lower  percentage  of 
inferior  value  to  that  obtained  from  guayule.  Nowhere  in  the  State 
is  it  foimd  in  sufficient  quantity  to  be  of  commercial  importance. 

Another  member  of  the  same  family,  the  Colorado  rubber  plant 
(Hymenoxys  Jloribunda)  is  abundant  in  northern  New  Mexico,  where  it 
covers  hundreds  of  acres  on  the  low  foothills  or  higher  up  among  the 
pine  trees,  sometimes  to  the  exclusion  of  almost  all  other  herbaceous 
vegetation.  By  chewing  some  of  the  stems  for  a  few  minutes  a  small 
mass  of  crude  rubber  is  obtained.  A  few  years  ago  a  company  was 
formed  in  Colorado  to  extract  rubber  from  the  plant,  but  the  under- 
taking was  not  a  success.  While  there  is  no  doubt  that  rubber  can 
be  gotten  from  this  source,  it  is  questionable  whether  a  large  enough 
supply  could  be  reUed  upon  to  make  extensive  operations  practicable. 

A  prominent  f eatiure  of  the  desert  flora  of  the  Southwest,  along  the 
rocky  hills  or  advancing  upon  the  plains,  are  the  stately  Agaves,  gen- 
erally known  as  mescal  or  century  plants,  several  species  of  which 
are  atliome  in  New  Mexico  (pi.  10).  Their  leaves  are  broad  and  short, 
never  more  than  18  inches  long,  succulent,  forming  a  compact  rosette. 
Each  is  tipped  with  a  sharp  dark  spine  and  is  armed  along  the  edges 
with  stout  hooked  prickles.  The  tall  flower  stalks  of  our  native 
species  are  10  to  15  feet  high  or  more,  surmounted  by  thick  divergent 
branches  bearing  himdreds  of  yeHowish  flowers.  It  is  a  popular 
behef  that  the  century  plant  blooms  but  once,  when  it  has  rounded 
out  a  hundred  years,  hence  the  common  name.  A  possible  basis  for 
this  reputation  is  that  in  cultivation  the  plants  seldom  flower, 
although  in  their  native  haimts  flowering  plants  are  of  common 
occurrence.  They  are  known  to  bloom  long  before  they  attain  the 
century  mark  and  probably  require  only  a  comparatively  few  years 
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to  reach  matiirity.  Each  plant  flowers  but  once,  the  leayes  wither- 
mg  as  soon  as  seed  is  matured.  About  each  dead  plant  is  usually  left 
a  colony  of  young  ones  formed  from  suckers,  by  which  the  plant  is 
propagated.  The  true  mescal  plant,  a  natiye  of  Mexico,  the  soiux^e 
of  pulque,  mescal,  tequila,  and  other  drinks,  is  not  rare  in  cultiyation 
in  sou^em  New  Mexico,  but  is  not  indigenous. 

The  native  Agaves  furnished  one  of  the  most  important  items  in 
the  diet  of  the  Apaches  and  other  Indian  tribes,  who  used  them  for 
making  what  is  known  as  mescal.  It  is  from  the  manufacture  of  this 
article  that  the  Mescalero  Apaches,  whose  reservation  lies  in  the 
White  and  Sacramento  Mountains,  receive  their  name. 

There  are  two  substances  to  which  the  term  mescal  is  applied.  It 
is  more  generally  used  to  define  an  intoxicating  beverage  distilled 
from  the  fermented  juice  of  the  Agave.  This  drink  is  consumed  in 
every  part  of  Mexico,  but  is  probably  not  manufactured  to-day  in  the 
United  States.  After  the  coming  of  the  Spaniards  the  natives  of  the 
Southwest  learned  to  distill  the  alcoholic  drink  and  it  is  not  impossible 
that  they  had  even  developed  the  process  independently.  This,  how- 
ever, is  not  the  mescal  to  which  the  Mescalero  Apaches  owe  their 
designation. 

The  Apaches,  like  others  of  the  southwestern  Indians,  were  wont 
at  certain  times  of  the  year  to  visit  the  localities  where  the  century 
plants  were  most  numerous.  The  favorite  season  was  in  early  sum- 
mer when  the  flower  stalks  were  just  starting,  but  the  plants  could 
be  used  at  any  time.  Pits  10  or  15  feet  across  and  about  3  feet  deep 
were  dug  and  lined  with  stones,  then  filled  with  wood  which  was  fired 
and  kept  burning  until  they  were  thoroughly  heated.  The  fire  was 
then  raked  out  and  the  pits  filled  with  the  succulent  Agave  leaves. 
After  being  covered  with  grass  or  weeds  the  pits  were  left  for  some 
time,  usually  about  three  days,  when  they  were  opened  and  the  thor- 
oughly cooked  leaves  (mescal)  were  taken  out  and  eaten.  The  leaves 
thus  cooked  contain  much  sugar  and  have  an  agreeable  sweet  taste. 
They  consist  so  largely  of  fiber  that  they  are  unfit  to  be  eaten  as  a 
whole,  but  must  be  chewed  until  the  digestible  part  is  removed,  the 
fiber  being  then  ejected.  Lai^e  amounts  of  mescal  were  prepared 
after  this  method  and  either  eaten  at  once  or  partly  dried  and  stored 
for  later  consumption.  Mescal  pits  are  of  common  occurrence  in 
New  Mexico  wherever  the  Agave  grows  (pi.  6,B).  The  Mescaleros 
still  prepare  this  food,  but  not  such  stores  as  in  earlier  days.  In  the 
markets  of  Mexico  the  same  article  is  everywhere  offered  for  sale. 
The  leaves  ol  the  species  used  there  are  larger  and  furnish  a  greater 
amount  of  nutritious  matter  than  the  northern  kinds. 

Another  desert  plant,  more  closely  related  to  the  Yuccas  than  to 
the  Agaves,  is  the  sotol  (JDasyMaion  wheeleri,  pi.  11),  which  was  utilized 
by  the  Indians  in  much  the  same  way  as  the  century  plant.    Of  this 
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they  used  only  the  heart  of  the  plant  taken  just  when  the  flower  stalk 
was  pushing  up.  The  trunks  were  trimmed  and  placed  in  the  pits, 
where  they  were  treated  exactly  like  the  mescaL  This  product  must 
be  far  less  suitable  for  food,  for  the  stems  are  hard  and  woody  and  only 
the  youngest  parts  can  be  easily  rendered  edible.  Sotol  has  been 
used  in  the  manufacture  of  alcohol  in  a  commercial  way,  the  sugars 
contained  in  the  steins  being  readily  fermentable.  With  this  as  a 
basis  reports  have  been  issued  of  the  distillation  of  alcohol  from 
cactus,  but  the  sugars  contained  in  the  different  cactuses  have  so  far 
not  proved  susceptible  of  fermentation.  All  plants  that  have  spines 
are  popularly  known  as  cactus  in  the  Southwest  and  here  may  be 
found  the  probable  source  of  this  erroneous  report. 

Sotol  has  proved  its  utility  as  feed  for  stock,  especially  when  con- 
tinued drought  has  caused  a  scarcity  of  grass.  Cattle  if  starved  can 
eat  the  plants  as  they  stand  in  the  field  but  are  likely  to  be  injured 
by  the  sharp  edges  of  the  leaves.  When  the  plants  are  cut  in  two,  so 
as  to  expose  their  interior,  they  are  greedily  consumed.  One  cattle- 
man in  the  southern  part  of  the  State,  while  fattening  cattle  for 
market,  had  several  carloads  of  sotol  shipped  in  for  feed  and  used  it 
with  profitable  results.  The  plants  are  very  abundant  in  some 
localities,  closely  covering  broad  slopes  along  the  foothills. 

New  Mexico  is  not  bountifully  provided  with  wild  fruits,  but  there 
is  a  considerable  number  of  native  ones,  some  of  which  are  not  par- 
ticularly palatable  but  can  be  eaten.  The  number  that  are  really 
useful  is  small  compared  with  those  f oimd  in  the  Central  and  Eastern 
States. 

The  most  valuable  of  all,  certainly  the  most  delicious  and  most 
frequently  gathered,  is  the  red  raspberry  (Rulms  strigosua)  which  is 
exactly  like  the  plant  that  bears  the  same  name  farther  east.  Seldom 
does  it  grow  so  luxuriantly  as  in  some  localities  in  New  Mexico,  where 
it  forms  thick  patches,  often  several  acres  in  extent,  in  the  broad 
open  valleys  in  the  higher  mountains.  Its  well  flavored  fruit  is  borne 
in  profusion  and  is  often  gathered  in  quantity  when  accessible.  It  is 
a  favorite  food  of  bears  and  many  of  them  frequent  the  berry  patches 
when  the  fruit  is  ripe.  A  near  relative  is  the  thimbleberry  (Jiubacer 
parviflorus)  which  also  produces  a  red  fruit  like  the  raspberry,  but 
imf ortunately  the  plants  are  low,  never  more  than  1  or  2  feet  high, 
and  each  bears  but  few  fruits,  so  that  gathering  the  berries  is  a  tedious 
task.  Strawberries  of  excellent  quality  are  foimd  in  most  of  the 
mountain  ranges,  sometimes  in  sufficient  abundance  to  be  gathered 
for  the  table.  In  the  ranges  between  Santa  Fe  and  Las  Vegas  and 
northward  a  blueberry  (V(uxinium  oreopJiUnim)  is  common.  It  grows 
in  sandy  soil  high  up  among  the  spruces,  a  low  shrub  rarely  more 
than  a  foot  high,  loaded  with  small  wine-colored  berries  which  are 
often  picked  and  eaten.    On  the  Plaios  along  the  eastern  border  of 
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the  State  are  scattered  thickets  of  the  sand  plum  {Prunu8  vxUsom) 
whose  fruit  is  used  for  jams  and  jellies.  The  wild  red  plum  (Prunua 
americana)  is  known  in  a  few  localities  in  the  moimtaios.  It  is 
abundant  about  the  pueblo  of  Taos  whose  inhabitants  utilize  all 
the  fruit  produced.  In  some  parts  of  the  State  this  plum  seems  to 
have  escaped  from  cultivation  but  in  places  it  is  almost  certainly 
indigenous. 

The  buffalo  berry  (Lepargyrea  argentea)  grows  in  the  San  Juan 
VaUey,  a  large  shrub  usually  about  10  feet  high,  with  silvery  white 
leaves  and  clusters  of  very  small  currant-like  berries.  The  fruit  has  a 
flavor  not  unlike  that  of  the  cultivated  red  currant  and  is  gathered 
and  preserved.  Currants  and  gooseberries  are  seen  everywhere  in  all 
the  mountain  ranges.  Unfortunately  the  fruit  of  the  wild  currants 
is  tasteless  and  insipid  and  is  seldom  used  for  food  by  the  English- 
speaking  people  although  employed  by  the  Indians  formerly  and  to 
some  extent  to-day.  The  native  people  used  the  fruit  either  fresh, 
or  dried  and  preserved  for  wiuter.  From  the  berries  certain  of  the 
western  tribes  prepared  an  intoxicating  beverage,  one  of  the  species, 
Ribes  inebricms,  receiving  its  specific  name  from  this  fact.  One  of  the 
gooseberries  (Grossularia  pinetorum)  is  distinguished  by  having  its 
fruit,  while  agreeable  to  the  taste,  so  densely  covered  by  sharp  spines 
that  it  can  not  be  eaten.  Elderberries  (SaTnbucua  microbotrys  and 
othet  species)  grow  in  most  of  the  mountains  and  in  the  lower  Rio 
Grande  Valley.  AU  have  edible  fnjit  that  is  sometimes  gathered. 
The  Mexican  elderberry  (Samhucus  mexiccma),  which  is  frequent  in 
cultivation  in  the  Rio  Grande  Valley  and  may  be  native  in  some  parts 
of  the  State,  differs  from  the  eastern  species  in  becoming  a  good-sized 
tree.  It  is  valuable  as  an  ornamental  plant  because  it  is  green  nearly 
throughout  the  year  and  may  put  forth  its  blossoms  even  in  January 
or  February  if  there  are  a  few  days  of  mild  weather.  The  algerita 
(Berberis  Jujwnatocarpa) ,  a  native  of  the  hills  and  dry  canyons,  is  a 
barberry  which  bears  quantities  of  juicy  blood-red  berries  that  are 
made  into  jellies.  There  are  several  other  barberries,  including  the 
"Oregon  grape"  (Berberis  repens),  which  grow  in  New  Mexico,  but 
never  in  sufficient  abundance  to  furnish  any  considerable  amount  of 
fruit.  One  of  the  ground  cherries  (PTiysalis  neomexicana) ,  a  trouble- 
some weed  in  cultivated  land  at  higher  elevations,  makes  excellent 
preserves,  besides  being  prepared  in  other  ways. 

The  fruits  that  have  been  mentioned  are  nearly  all  that  are  used 
by  the  English-speaking  people  of  the  State,  but  in  former  times  the 
Indians  were  compelled  by  the  general  scarcity  of  food  to  make  use 
of  many  others,  and  some  of  the  more  primitive  tribes,  like  the 
Navahos,  still  employ  some  of  them.  Among  those  whose  fruit  has 
been  utilized  are  the  lote  bush  {Zizyphus  lycioides)  and  C<mdalia 
spaihvlata,  low  stra^ling  desert  shrubs  of  the  southern  mesas,  the 
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wild  grape  (Vitis  arizofdoa),  choke  cherries  (Padus  mdanocarpa  and 
P.  capyli),  the  wild  rose  (the  fruit  or  hips  of  Rosafendleri  and  other 
species),  service  berries  (Amelanchier  sp.)i  mulberries  {liorus  rnicro- 
pJiyUa),  hackberries  (Celtis  reticulata) j  lemita  (Schmalieia  irUobaJta)^ 
and  tomatiUa  (Lycium  torreyi,  L.  palUdum,  and  other  species).    Of 
the  first  two  shrubs  a  Mexican  once  told  the  writer  that  the  fruit  con- 
sists of  *'mucho  hueso  y  poco  came"  (a  lai^  seed  and  little  flesh), 
and  this  is  true  of  most  of  those  just  enumerated.    Wild  gn^pes  grow 
in  many  of  the  moimtains,  but  their  fruit  is  small  and  sour.    Mul- 
berries are  found  only  in  the  southern  part  of  the  State.    The  trees, 
which  stand  in  the  drier  canyons  and  on  open  stony  slopes,  are  smiall 
and  stunted,  and  the  fruit  is  undersized  and  not  very  juicy.    Service 
berries  form  thickets  in  most  of  the  mountains,  but  the  berries  are 
small  and  insipid.    The  fruit  of  some  of  the  species  found  in  the 
northwestern  part  of  the  State  is  neariy  if  not  quite  dry,  and  so  is  not 
edible.    The  tomatilla,  a  characteristic  shrub  of  the  mesas  and  river 
valleys,  bears  an  abimdance  of  bright  red  juicy  fruit  which  is  eaten 
by  the  native  population,  although  it  does  not  seem  very  appetizing. 
Besides  these  fruits — ^in  the  popular  sense  of  the  word — the  seeds 
of  many  plants  formed  part  of  the  food  of  the  Indians.    Those  of  the 
sunflower,  a  weed  which  thrives  almost  everywhere  in  the  West,  we^ 
gathered  and  ground  into  meal.    This  is  so  rich  in  oil  that  it  was  sel- 
dom used  alone  but  was  mixed  with  other  substances.    The  seeds  of 
some  of  the  amaranths  (Amaranthus  spp.)  and  goosefoots  or  lamb's 
quarters  (Chenopodiumspp.)  were  collected  by  the  Zufiis  and  Navahos, 
as  well  as  those  of  purslane  (Portulaea  cleraeea  and  P.  return)  and  of 
certain  grasses.    The  Apaches  depended  upon  a  sort  of  bread  made 
from  the  groimd  legumes  and  seeds  of  the  mesquite  and  the  tomillo 
or  screw  bean  (Stromhocarpa  pubescens).    The  pods  of  these  shrubs 
are  rich  in  sugar  and  sweet  to  the  taste.    Children  are  often  seen 
chewing  them  and  they  are  relished  by  stock  of  all  kinds.     The 
Zufiis  gathered  cedar  berries  and  after  grinding  them  formed  the  meal 
into  cakes.    Young  fruits  of  the  wild  gourd  (Chicurbiia  foeHdissima) 
were  cooked  in  various  ways. 

Besides  the  seeds  of  the  lamb's  quarters  the  plants  themselves,  the 
leaves  and  young  shoots,  were  cooked  as  "greens,"  just  as  they  fre- 
quently are  in  other  parts  of  North  America.  Additional  succulent 
plants  such  as  the  purslane,  the  Rocky  Moimtain  bee  weed  iPeriioma 
serrvlatum) ,  a  small  composite  (Pedis  angwUfdlvi),  and  many  others 
were  treated  in  the  same  way.  AH  plants  used  thus  are  known  by 
the  Spanish  name  of  quelite.  It  seems  almost  incredible  to  anyone 
familiar  with  the  bee  weed  that  it  could  ever  be  eaten.  It  is  one  of 
the  most  common  plants  of  the  northern  part  of  the  State,  covering 
large  extents  of  mesa  land.  Its  stems  and  leaves  when  crushed  give 
off  a  most  offensive  odor,  but  this  is  said  to  disappear  upon  cooking. 
Only  the  young  shoots  are  used  as  food. 
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While  New  Mexico  furnishes  a  number  of  fruits  capable  of  being 
utilized  in  different  ways,  in  the  matter  of  nuts  the  State  is  not  so 
fortunate,  there  being  only  one  that  is  of  economic  importance.  Two 
species  of  walnuts  {Juglana  rupestris  and  J.  major)  grow  in  the  moim- 
tains  and  low  foothills.  The  first  bears  very  small  nuts,  scarcely 
large  enough  to  be  eaten,  and  the  second  has  them  but  Uttle  larger 
and  of  poor  flavor.  Indians  formerly  collected  the  acoms  of  the 
many  oeJss  for  food,  but  it  is  improbable  that  they  use  any  at  present. 

The  one  kind  of  nut  which  New  Mexico  does  produce  in  quantity 
is  the  pinyon  (Pinus  edulis,  pi.  12,  A).  This  is  the  seed  of  a  small 
pine  tree,  seldom  more  than  20  feet  high  and  often  much  lower,  which 
grows  almost  everywhere  in  the  State  at  elevations  of  from  5,000  to 
7,000  or  8,000  feet.  Where  the  nut  pine  is  foimd  it  is  the  most  con- 
spicuous component  of  the  vegetation  and  often  the  only  tree  or 
shrub  present,  although  commonly  associated  with  one  or  two  kinds 
of  cedar.  The  nuts  are  inclosed  in  small  cones,  only  a  few  in  each. 
They  are  gathered  in  one  of  two  ways.  More  frequently,  after  frost 
has  come  and  the  cones  are  opening,  the  nuts  are  shaken  down  upon 
blankets  spread  beneath  the  trees.  Obviously  only  a  fractional  part 
of  them  can  be  secm-ed  in  this  manner,  at  least  at  a  single  shaHng. 
Another  method  is  to  pick  the  cones  before  they  are  open  and  heat 
them  until  the  nuts  fall  out  or  can  be  removed  by  the  fingers.  In 
either  case  they  are  roasted  before  eating,  to  the  improvement  of  their 
flavor.  The  delicious  taste  of  the  roasted  nuts  is  not  excelled  by  that 
of  any  of  our  well-known  kinds,  and  indeed  is  equaled  by  few  of 
them.  The  nuts  are  small,  scarcely  more  than  half  an  inch  long, 
and  oblong  in  outline  (pi.  12,  B).  Their  thin  shells  are  easily  broken 
by  the  teeth  and  separated  from  the  meat  by  the  aid  of  the  tongue. 
In  the  Southwest,  at  least  among  the  native  population,  pinyons 
are  much  more  popular  than  peanuts,  to  which  they  are  most  com- 
parable, and  wherever  a  crowd  assembles  on  some  festive  occasion  or 
on  market  days,  the  groimd  and  sidewalks  are  soon  covered  by  the 
shells.  They  can  not  be  eaten  rapidly,  consequently  one  can  eat 
them  almost  all  day  long.  Enormous  quantities  of  pinyon  nuts  are 
gathered  in  good  seasons,  which  are  said  to  occur  once  in  every  five 
years.  In  some  localities  they  are  brought  into  market  by  the 
wagonload  and  have  been  gathered  in  large  enough  amounts  to  be 
used  in  feeding  horses.  Most  of  the  crop  is  consumed  in  the  South- 
west where  the  pinyon  is  known  and  appreciated,  but  a  part  is 
shipped  East  and  retailed  in  the  fruit  stores  of  the  larger  cities. 
Candy  manufacturers  have  used  the  nuts  in  sweetmeats  and  they 
would  become  a  staple  article  if  the  supply  were  more  constant. 

The  nuts  of  another  New  Mexican  pine  (Pinus  JlexiMs)  are  edible, 
but  they  have  such  thick  shells  that  they  can  not  be  easily  cracked 
with  the  teeth  and  are  seldom  gathered.    The  gum  of  the  pinyon 
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is  sometimes  chewed,  being  similar  in  flavor  and  consistency  to 
spruce  gum. 

Several  plants  native  to  New  Mexico  have  roots  that  serve  useful 
purposes.  Two  kinds  of  wild  potatoes  grow  in  the  State,  one  of 
which  (Solanum  jamesii)  is  a  common  weed  in  cultivated  lands  in  the 
pinyon  belt,  while  the  other  (Solanum  fendleri)  is  not  rare  in  the 
higher  moimtains  on  shaded  banks  along  with  pine  and  spruce  trees. 
The  latter  is  not  distantly  related  to  the  cultivated  potato  (Sclarvum 
tuberosum)  and  has  been  referred  to  that  plant  as  a  subspecies.  It 
has  small  tubers  about  half  an  inch  in  diameter  which  are  sometimes 
eaten.  Wild  onions,  as  well  as  the  roots  of  certain  imnbeUifers  and 
of  wild  liquorice  (Glycyrrhiza  lepidota)  were  used  for  food  by  the 
earlier  inhabitants  of  the  region.  A  member  of  the  Senna  family, 
Hojfmanseggia  densijhra,  foimd  on  the  lower  alkaline  land  in  the 
western  part  of  the  State,  is  known  as  camote  de  raton  or  rat's  sweet 
potato.  It  develops  along  its  roots  many  spherical  tubers  an  inch  or 
less  in  diameter,  which  the  Indians  dig  and  cook  like  the  common 
potato. 

A  near  relative  of  the  yellow  dock,  known  as  cafiaigre  (fiumex 
Tvyrnenoaepalua)  is  another  plant  whose  root  is  economically  impor- 
tant. This  is  often  the  fij^t  plant  to  bloom  in  the  spring  on  the  sandy 
mesas  of  southern  New  Mexico.  The  flowers  appear  as  early  as  Feb- 
ruary in  the  lower  Rio  Grande  Valley,  and  by  the  time  most  othOT 
plants  are  blooming  this  has  completed  its  growing  season  and  its 
fruit  stalk  and  leaves  have  disappeared.  For  the  rest  of  the  year 
the  plant  consists  of  a  large  mass  of  fascicled  roots  similar  in  appear- 
ance to  those  of  the  dahlia  and  about  as  large.  They  are  rich  in 
tannin  and  are  employed  throughout  the  Southwest  in  tanning 
hides.  Most  of  the  cattle,  sheep,  and  goat  skins  cured  within  the 
region  are  treated  with  cafiaigre  roots.  Utilization  of  the  plant  for 
commercial  piuposes  has  been  attempted.  Experiments  toward  this 
end  were  successful  in  demonstrating  the  efficacy  of  the  roots  in 
tanning. 

The  problem  of  fuel  in  New  Mexico  has  solved  itself  in  much  the 
same  way  as  elsewhere.  With  the  advent  of  the  railroads  coal  mines 
were  opened  and  coal  is  largely  used  in  locaUties  where  it  is  accessible, 
but  wood  is  still  the  principal  fuel.  In  the  moimtains,  with  the 
forests  of  pine,  fir,  spruce,  and  other  trees  to  draw  upon,  firewood  is 
obtained  at  no  great  expenditure  of  labor.  Where  available  oak  is 
preferred  to  the  wood  of  coniferous  trees  because  of  the  less  amoimt 
of  soot  formed  by  its  combustion.  In  the  foothiUs  of  the  northwest- 
em  and  western  parts  of  the  Stato  pinyon  and  cedar  are  the  woods 
depended  upon.  The  pungent  odor  of  cedar  smoke  which  greets  one 
whenever  he  approaches  a  human  habitation  must  always  be  asso- 
ciated in  memory  with  Indian  camps  to  one  who  has  traveled  in  the 
less  frequented  parts  of  the  Southwest. 
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In  the  river  valleys,  often  far  removed  from  forested  mountains, 
or  separated  by  almost  impassable  country,  the  fuel  question  is  less 
easily  solved.  There  is  a  widely  quoted  saying  that  in  the  South- 
west men  ''dig  for  wood  and  climb  for  water."  The  first  part  of  this 
statement  is  literally  true.  The  people  of  southern  and  southwestern 
New  Mexico,  like  those  of  the  adjacent  regions,  depend  for  fuel 
lai^ly,  if  not  chiefly,  upon  a  low,  straggling,  spiny  shrub,  which 
would  certainly  be  ignored  by  one  not  acquainted  with  its  peculiar 
possibilities.  The  mesquite  (Prosopis  glandvlosa,  pi.  13)  is  a  widely 
distributed  and  characteristic  plant  of  all  the  Southwest,  being  in 
New  Mexico  always  a  low  shrub,  never  more  than  3  to  5  feet  high, 
its  slender  branches  seeming  even  more  tenuous  by  reason  of  the 
sparse  dissected  foliage  with  which  they  are  invested.  The  branches 
are  so  small  that  even  were  they  all  compressed  into  a  solid  block  of 
wood  they  would  still  supply  but  scant  fuel.  The  shrub's  value  lies 
not  in  its  branches  and  trunk,  however,  but  in  its  roots.  When  the 
sand  heaped  about  the  stems  is  pushed  away  and  the  roots  uncov- 
ered it  becomes  evident  that  the  mesquite  can  be  a  source  of  a  large 
amount  of  firewood.  The  roots  have  been  developed  more  than  is 
common  in  woody  plants,  presumably  that  they  may  serve  as  stor- 
age organs  for  water,  and  thus  enable  the  shrubs  to  exist  in  the  arid 
regions  where  they  grow.  Many  of  the  native  Mexicans  earn  no 
inconsiderable  part  of  their  livelihood  by  digging  mesquite  roots 
upon  the  mesas  or  in  the  waste  land  of  the  valleys.  Each  bush  yields 
a  large  amount  of  wood,  but  there  are  no  data  available  from  which 
to  determine  the  amount  per  acre.  While  in  the  form  of  very  thick 
and  gnaried  hard  roots,  extremely  difficult  to  cut  or  split,  when 
finally  prepared  for  the  stove  or  grate  the  wood  is  of  unexcelled 
quality.  It  can  be  burned  green,  but  is  improved  by  drying.  The 
tops  or  branches  are  usually  thrown  away.  Unimproved  land  in 
the  valleys  is  generally  covered  with  mesquite  and  removal  of  the 
bushes  and  roots  must  precede  cultivation. 

A  near  relative  of  this  shrub  is  the  tomiJlo  (Siromhocarpa  pules- 
eeuB,  pi.  4,  A)  or  screw  bean,  which  receives  its  English  name — the 
exact  equivalent  of  its  Spanish  one — from  the  shape  of  its  pods, 
which  are  coiled  into  a  long  cylinder  so  as  to  resemble  a  screw.  In 
the  case  of  the  tomillo  the  stems,  not  the  roots,  furnish  fuel.  These 
are  little  larger  than  an  ordinary  broomstick  and  would  appear  to 
be  an  unsatisfactory  source  of  heat,  but  thousands  of  loads  of  them 
are  cut  in  the  valleys  every  year.  The  bushes  grow  only  in  the  allu- 
vial lands.  When  cut  oflf  near  the  ground,  they  sprout  up  and  are 
soon  ready  for  cutting  again. 

The  land  immediately  bordering  the  prindpal  streams  is  nearly 
always  covered  with  bosques  or  groves  of  the  valley  cottonwood 
{PopiihjLS  vnsUzeni)  accompanied  by  a  thick  undergrowth  of  small 
shrubs.    The  cottonwood,  which  often  reaches  a  large  size,  is  used 
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prindpallj  in  the  construction  of  houses,  corrals,  and  shdters.  The 
wood  is  so  soft  that  it  bums  almost  as  rapidly  as  paper  and  produces 
an  intense  heat  but  of  short  duration.  Ilie  large  trees  seem  immune 
to  destruction  as  long  as  left  to  the  native  people,  who  are  apparently 
baffled  by  their  size.  In  some  localities  one  sees  men  going  miles  to 
dig  mesquite  roots,  an  operation  requiring  the  hardest  kind  of  labor, 
while  along  the  roads  lie  huge  trunks  of  fallen  cottonwoods,  untouched 
because  the  people  do  not  know  how  to  cut  them  up. 

Best  known  among  all  the  handiwork  of  the  North  American 
Indians  are  the  splendid  rugs  made  by  the  Navahos,  whose  reserva- 
tion occupies  the  northwest  comer  of  New  Mexico.  These  blankets, 
whose  workmanship  would  be  a  credit  to  any  dvilized  people,  notwith- 
standing the  cmde  methods  of  their  manufacture,  are  noted  for  the 
permanence  and  harmony  of  their  colors.  To-day  the  raw  wool  is 
colored  with  imported  synthetized  dyes,  but  formerly  all  the  colors 
of  the  blankets,  like  those  of  other  sindlar  articles,  were  obtained  from 
native  plants  or  mineral  substances.  Red  was  produced  by  a  decoc- 
tion of  the  mountain  mahogany  {Oercocarpua  parvi/Miis),  the 
powdered  bark  of  the  alder  (Alnus  tenuifoiia),  and  the  ashes  of  the 
cedar  (Juniperua  monosperma  and  /.  utdhensis).  Yellow  was 
obtained  by  mbbing  the  wool  with  a  paste  made  from  the  roots  of 
cafiaigre  or  by  using  an  extract  of  the  flower  heads  of  rabbit  brush 
(Ghrysothamnus  spp.).  Black  was  produced  by  a  decoction  of  the 
leaves  and  berries  of  the  lemita  (SchmdUzia  trilobata)  combined  with 
calcined  gum  of  the  pinyon.  Other  tribes  elsewhere  in  the  State  used 
different  plants  to  secure  the  same  results. 

There  is  not  space  here  to  enumerate  any  of  the  plants  used 
medicinally  by  the  Indians;  indeed  but  little  is  known  or  probably 
ever  will  be  Imown  of  this  subject.  To  almost  every  plant  some  real 
or  fancied  medicinal  virtue  was  assigned.  While  many  of  these  uses 
were  purely  empirical,  others  doubtless  were  based  on  some  substratum 
of  fact.  There  is  a  common  herb  which  is  reputed  throughout  all  the 
West  and  Southwest  to  be  a  remedy  for  the  bite  of  the  rattlesnake. 
Others  were  used  to  treat  the  stings  of  venomous  insects  and  of 
spiders  and  scorpions.  Nor  is  there  space  for  the  mention  of  any  of  the 
forage  plants,  in  whose  variety  and  abundance  consists  New  Mexico's 
greatest  natural  resource,  furnishing  sustenance  to  thousands  of  head 
of  stock  each  year.  A  second  great  asset  lies  in  the  extensive  forests 
which  cover  aJl  the  moimtains.  Those  plants  which  are  here  briefly 
noted  are  but  the  most  conspicuously  interesting  ones,  but  there 
remain  many  more  which  are  equally  or  more  deserving  of  mention 
and  may  be  shown  by  investigation  and  exploration  to  be  more  useful 
to  man. 

The  photographs  for  plates  4A,  6,  and  12A,  were  courteously  supplied 
by  the  Biological  Survey,  U.  S.  Department  of  Agriculture.  They  were, 
made  by  Mr.  Vernon  Bailey. 
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Plate  1 . 


The  Palmilla  (Yucca  radiosa)  on  the  Mesa  near  the  Organ  Mountains, 

New  Mexico. 
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Plate  4. 


A.    ToRNiLLo  (Strombocarpa  pubescens)  in  the  Rio  Grande  Valley  near  El  Paso, 

Texas. 


B.    Fruit  of  a  Prickly  Pear  (Opuntia  dulcis). 

[One-fifth  natural  .size.] 
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Plate  5. 


DULCE  DE  ViZNAQA,  CACTUS  CaNDY,   MaDE    FROM  THE  PULP  OF  THE  BARREL  CACTUS 
(ECHINOCACTUS  WISLIZENI). 
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Plate  6. 


A.   VizNAGA  OR  Barrel  Cactus  (Echinocactus  wislizeni). 


B.  Old  Mescal  Pit  in  the  Guadalupe  Mountains  New  Mexico. 
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Plate  7. 
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Flowering  Panicle  of  the  Palmilla  (Yucca  radiosa). 
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Plate  9. 


Bear-grass  (Nolina  microcarpa)  at  San  Luis  Pass,  New  Mexico. 
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Plate  10. 
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:^ 


Mescal  or  Century  Plant  (Agave  parryi),  near  the  Hatchet  Mountains, 

New  Mexico. 
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Plate  11. 


Sotol(Dasylirion  wheeleri)  in  the  Organ  Mountains,  New  Mexico. 
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Plate  1. 
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THE  TREE  FERNS  OF  NORTH  AMERICA. 

[With  15  plates.] 


By  William  R.  Mazon. 


Although  the  name  tree  fern  is  occasionally  given  to  any  large 
fern  of  treelike  form,  it  has  come  by  common  usage  to  have  a  definite 
application  to  the  members  of  a  single  family,  the  CyatheaceaB,  and 
in  so  far  as  any  one  descriptive  term  can  apply  to  a  large  group  of 
world-wide  distribution,  whose  distinctive  technical  characters  axe 
minute  and  not  always  very  obvious,  the  expression  is  a  singularly 
appropriate  one.  The  Cyatheace»  are  known  as  tree  ferns  because 
the  great  majority  of  the  species  are  essentially  treelike  in  size  and 
proportion  and  have  strong  woody  trunks,  often  attaining  a  height 
of  40  feet  or  more. 

One  may  easily  imagine  the  feeling  of  siuprise  with  which  the 
early  voyagers  to  the  New  World,  looking  upon  the  wonderful  pro- 
fusion and  luxxmance  of  these  enormous  plants,  contrasted  them 
with  the  relatively  small  ferns  of  Europe.  One  wonders  also  at  the 
restraint  and  rather  passive  scientific  attitude  of  Sloane,  one  of  the 
earlier  English  writers  upon  the  West  Indian  flora,  who,  having 
accompanied  the  Duke  of  Albemarle  upon  his  voyage  to  Jamaica  in 
1689,  thus  quaintly  describes  a  common  species  (AlsophUa  aspera)^ 
as  he  observed  it  in  that  island: 

This  has  a  trimc  twenty  Foot  high,  as  big  as  ones  L^,  (after  the  maimer  of  Palm- 
trees)  undivided,  and  covered  with  the  remaining  ends  of  the  Foot-Stalks,  of  the 
Leaves  &llen  o£f,  which  are  dark  brown,  as  big  as  ones  Finger,  two  or  three  inches 
long,  thick  set  with  short  and  sharp  prickles.  At  the  top  of  the  tnmc  stand  round 
about  five  or  six  Leaves,  about  six  Foot  long,  having  a  purple  Foot-Stalk,  very  thick 
beset  with  short,  sharp  prickles  on  its  backside.  At  about  a  Foot  distance  from  the 
Trunc,  each  Leaf  is  divided  into  Branches  set  opposite  to  one  another,  placed  near 
the  bottom,  at  about  six  Inches  distance  from  each  other. 

The  ultimate  divisions  (segments)  of  the  leaf  are  mentioned  as 

about  one  third  of  an  Inch  long,  and  half  as  broad,  blunt,  easily  indented  about  the 
edges,  of  a  dark  green  colour  above,  pale  green  below,  very  thin,  and  so  close  set  to 
one  another  that  there  is  no  defect  or  empty  space  between  them. 
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From  this  description,  brief  as  it  is,  several  of  the  most  character- 
istic features  of  the  group  as  a  whole  may  be  noted:  The  single  and 
simple  unbranched  trunk  or  stem,  "after  the  maimer  of  palm  trees, " 
the  spreading  circular  crown  of  ample  fronds  surmountmg  the  stem, 
the  lighter  color  of  the  under  surface  of  the  leaf,  which  may  be 
observed  in  nearly  all  Cyatheace©,  not  a  few  of  the  species  being 
grayish  or  even  whitish  below,  and  above  all  the  "close-set ''  divisions, 
without  "defect  or  empty  space  between  them,"  a  feature  which  in 
connection  with  the  enormous  size  of  the  fronds  of  many  species 
lends  to  tree  ferns  their  greatest  charm,  that  of  siupassing  lei^ess 
and  vigor. 

For  the  benefit  of  the  ignorant  or  of  the  superficially  minded 
Sloane  adds: 

From  these  Trees  growing  on  the  Moiutains  of  Hispaniola  the  Spaniards  aigued  the 
fertility  of  that  Soil,  making  Ferns  grow  to  soch  a  vast  bigness,  which  in  Europe  were 
80  inconsiderable,  not  considering  that  the  Fems  in  Europe  and  here,  were  quite 
different  kinds  one  from  the  other. 

Not  alone  in  dimensions,  but  also  in  technical  characters  of  struc- 
ture are  the  huge  fems  of  this  alliance  distinct  from  those  of  conti- 
nental Europe.  Sloane  calls  them  "trees,''  and  to  this  day  the  term 
"fern  tree"  18  employed  in  Australia  as  conmionly  as  our  more 
familiar  "tree  fern"  for  members  of  the  Cyatheace®.  "Fern-tree 
gullies"  is  there  a  conmion  expression,  applied  to  deep  shady  ravines 
of  the  moister  coastal  regions  having  a  dense  growth  of  Cyathoace». 

ABBOBESCENT  HABIT. 

.  A  typical  group  of  tree  ferns  of  different  ages  is  shown  in  plate  1, 
a  scene  in  Guatemala.  The  s|>ecies  is  Oyathea  princeps  (often  known 
as  C.  Bourgaei,  and  described  more  recently  as  C.  Munchii),  a  rather 
unconmion  plant  which  ranges  from  the  moister  parts  of  Mexico  to 
Alta  Verapaz,  eastern  Guatemala.  Not  all  species  of  Cyathea  have 
their  fronds  so  rigidly  ascending.  Indeed,  Cyathea  arlorea,  which 
is  the  commonest  and  perhaps  the  most  graceful  North  American 
member  of  the  genus,  will  be  seen  (pi.  2)  to  have  them  laxly  arching 
or  even  drooping.  The  direction  of  the  fronds,  however,  in  many 
species  depends  much  upon  the  age  of  the  plant.  Thus,  the  smaller 
individual  at  the  right  in  plate  1  owes  the  upright  position  of  its 
fronds  in  part  to  its  quick,  vigorous  growth  and  partly,  no  doubt,  to 
the  need  the  plant  has  of  stretching  its  leaves  up  toward  the  level 
of  the  rather  dense  surroimding  undergrowth,  where  of  course  the 
sunlight  is  much  stronger  than  below. 

Tree  fems  may  in  fact  be  regarded  as  "standing  on  tiptoe"  in 
their  effort  to  secure  light  and  air.  They  are  *commonest  in  those 
moist,  densely  forested,  tropical  regions  where  their  struggle  for 
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yeiy  existence  is  sharpest,  and  where,  except  for  the  acquisition  of 
this  trait  or  of  some  other  to  give  them  special  ^vantage,  their  life 
would  indeed  be  short.  To  meet  the  same  conditions  ferns  of  other 
families  and  of  many  tribes  and  genera  have  shown  wonderful  adapt- 
ability of  different  sorts,  both  in  structure  and  change  of  habitat, 
-two  of  tiie  most  common  instances  being  the  development  of  the 
climbing  form  and  epiphytic  habit  of  growth.  In  the  intensely  wet 
and  heavily  forested  mountain  region  of  Chiriqui,  for  example,  prob- 
ably three-fourths  of  the  ferns  are  epiphytic.  To  make  best  use  of 
the  arborescent  habit,  the  growth  of  the  tree-fern  stem  must  be  steady 
and  of  a  permanent  character;  and  we  find  that  m<H8t  tropical  con- 
ditions usually  permit  this,  however  slow  may  be  the  rate  of  develop- 
ment from  season  to  season. 

Before  proceeding,  however,  to  a  discussion  of  the  widely  different 
forms  assumed  by  the  many  spedes,  or  of  the  more  minute  technical 
characters  which  serve  to  distinguish  the  genera  and  species,  it  may 
be  well  to  note  briefly  the  general  factors  which  appear  to  control  the 
distribution  of  tree  ferns  in  North  America. 

DISTRIBUTION  AND  HABITAT. 

As  already  indicated,  tree  ferns  are  characteristically  inhabitants  of 
wet,  forested,  tropical  and  subtropical  r^ons  and  reach  their  best 
development  in  mountainous  districts  which  are  not  subject  to 
drought  or  pronounced  seasonal  change.  In  the  Greater  Antilles 
they  are  found  mainly  upon  the  northern  slopes  and  summits  of  the 
higher  mountains,  as,  for  example,  the  Sierra  Luquillo  of  Porto  Rico 
and  the  Blue  Mountains  of  Jamaica,  where  the  cool,  moisture-laden 
trade-winds  from  the  northeast  bring  a  constant  and  ample  supply 
of  moisture.  The  fern  vegetation  to  the  south  of  these  mountains  is 
more  or  less  strongly  xerophytic,  both  islands  mentioned  even  having 
a  semiarid  region  of  cactus  and  scrub  growth.  Similar  conditions 
were  noted  in  the  Sierra  Maestra  of  Cuba.  Here  on  the  compara- 
tively dry  southern  slopes  of  the  peak  Torquino  at  3,500  feet  I 
found  plants  of  Cyaihea  arbcrea,  a  species  which  in  Jamaica  and  else- 
where in  ihe  West  Indies  rarely  ascends  to  more  than  2,000  feet. 
Associated  with  it  were  several  polypodiaceous  ferns  which  ordinarily 
are  characteristic  of  the  lowland  forests  and  whose  occurrence  here 
so  far  above  their  usual  limit  is  in  all  probability  directly  correlated 
with  moisture  supply.  The  southern  coast  in  the  lee  of  the  Torquino 
is  intensely  hot  and  semiarid,  with  a  dense  '^chaparal''  formation 
(including  cacti),  wholly  unsuitable  not  only  to  tree  ferns  but  to  a 
majority  of  ferns  of  other  families,  as  well. 

Similar  conditions  upon  a  grander  scale  are  observed  upon  the 
continent,  tixe  tree  ferns  being  practically  confined  to  the  humid 
88734^-HMi  1911 80 
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Atlantic  slopes  and  to  the  hi^  mountains.  Thus,  in  the  mountain* 
ous  parts  of  eastern  Guatemala  (Alta  Verapaz),  where  according  to 
the  native  saying  '4t  rains  13  months  out  of  eyery  12/'  tioe  ferns 
are  exceedin^y  abundant,  a  few  species  occurring  at  and  near  sea 
level,  but  the  most  of  them  at  from  4,000  to  6,000  feet  altitude. 
West  of  this  region,  in  the  dry  interior  basin,  they  are  wanting;  and 
only  two  species,  Cibotium  Wendlandi  and  HemUdia  coBtarieerms, 
are  reported  from  the  hi^^er  region  near  the  Pacific,  even  the  moist 
forest  belts  of  the  volcanoes  Fuego  and  Agua  having  none,  so  far  as 
known. 

In  Costa  Rica  a  relatively  small  nimiber  of  tree  fems  are  found  in 
the  moist  Atlantic  lowlands,  but  they  are  elsewhere  of  very  general 
occurrence,  excepting  only  the  half  desertlike  slopes  facing  the  Pacific 
and  the  dry  and  open  portions  of  the  interior  table  land,  which  has 
a  temperate  and  delightfully  equaUe  climate.  The  latter  area 
(meseta  central)  is  rdatively  small,  and  one  has  only  to  go  out  a  few 
miles  to  the  lower  mountain  slopes  to  find  tree  fems  in  profuaion. 
The  greater  part  of  Costa  Rica,  however,  and  by  far  the  most  inter- 
esting, is  the  exceedingly  broken,  mountainous  r^on  to  the  north- 
ward, from  which  rise  the  four  great  volcanic  peaks  Turrialba  (11,128 
feet),  Irazd  (11,312  feet),  Barba  (9,412  feet),  and  Poas  (8,786  feet), 
from  east  to  west.  These,  intercept  most  of  the  moisture  from  the 
Gulf,  and  it  is  here  that  the  Cyatheaceie  reach  their  highest  develop- 
ment, both  as  to  species  and  size  and  number  of  individuals,  in  any 
part  of  North  America.  C^lhrist,  indeed,  regards  it  as  ''the  richest 
tree  fern  r^on  of  the  world."  Certainly  it  is  an  endemic  center  of  a 
high  order,  and  when  adequately  explored  is  likely  to  yield  many 
more  than  the  50  species  it  is  now  known  to  contain.  It  embraces 
altitudes  above  5,000  feet;  and  although  snows  are  wanting  from  all 
Costa  Rican  volcanoes,  heavy  frosts  occur  more  or  less  r^^ularly  from 
6,000  feet  upward.  The  extremes  of  temperature  endimed  by  the 
tree  ferns  of  this  region  must  be  very  great. 

Chiriqui,  the  westernmost  Province  of  Panama,  appar^itly  does 
not  differ  greatly  from  Costa  Rica  as  a  tree  fern  r^on.  Although 
there  are  a  few  coastal  species,  here  also  the  great  majority  are  found 
in  the  high  mountains,  which  form  a  definite  cordillera  paralleling 
the  coast  line,  east  and  west.  Recent  exploration  has  shown  that 
they  are  mainly  those  known  hitherto  only  from  Costa  Rica.  The 
Cordillera  gradually  decreases  eastward,  until  in  the  Canal  Zone  only 
three  or  four  lowland  tree  fems  are  found.  One  of  these,  HemUdia 
petiolata,  fir^  described  from  Panama,  is  common  in  ravines  and  wet 
thickets. 

In  Mexico,  also,  as  might  be  expected,  tree  fems  are  wanting  frK>m 
the  interior,  arid,  high  plateau  region,  whose  flora  has  been  so  thor- 
oughly investigated  during  the  past  36  years.    Upward  of  20  species 
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of  Cyatheace®  are  known  from  Mexico,  but  almost  the  only  recent 
material  of  these  is  that  secured  upon  occasional  excursions  from  the 
tahle^land  into  the  moist  lower  r^ons  bordering  the  tiena  edUerUe 
of  Vera  Cruz. 

In  the  several  regions  mentioned  a  few  tree  ferns  are  found  to  be 
partial  to  the  lowlands.  Among  the  West  Indian  species  of  this  class 
may  be  noted  Cyathea  arbarea  which,  however;  as  already  explained, 
exceptionally  occurs  high  up  on  the  southern  slopes  of  the  Sierra 
Maestra,  finding  tiiere  congeal  siurroundings  whidi  are  wanting  at 
a  lower  altitude  in  this  r^on.  Upon  the  continent ^Z^opAiJa  micro^ 
doTUa  is  found  near  sea  level  from  Mexico  along  the  Atlantic  to  South 
America.  AUophUa  myosuroides  shows  a  similar  preference  for  low 
altitudes,  its  known  range  extending  on  the  mainland  from  Vera 
Cruz  to  Honduras,  and  including  also  Cuba  and  the  Isle  of  Pines. 
Another  and  very  remarkable  species  of  Alsophila  (A.  hlechnaideSf 
described  hereafter)  ranges  along  the  Atlantic  coast  from  Guatemala 
to  Trinidad.  The  occurrence  of  HemUdia  petioUUa  in  the  moist  coastal 
woods  and  thickets  of  the  Canal  Zone  has  already  been  mentioned. 
Further  examples  might  be  cited. 

There  are  still  other  species  which,  thou^  occurring  commonly 
at  a  low  elevation,  yet  show  a  considerable  altitudinal  range;  for 
example,  AUophUa  aspera,  which  in  Jamaica  extends  from  about 
1,000  to  4,000  feet  altitude.  A  better  instance  is  that  of  HemUdia 
muUiJlora  (HemUdia  niffricans),  which  exists  mainly  as  a  sea-level 
species  fron^  Gkiatemala  to  Panama,  along  the  Atlantic,  but  never- 
theless ascends  to  nearly  4,000  feet  in  Costa  Rica.  There  are, 
doubtless,  many  tree  ferns  which  are  more  resistant  than  others 
to  imtoward  conditions  of  environment,  or  less  particular  in  their 
requirements  of  soil,  shade,  and  moisture,  which  occupy  similarly 
broad  belts.  In  fact,  local  and  hardly  appreciable  conditions  of 
exposure  and  air  drainage,  as  well  as  more  obvious  differences  of 
humidity  and  topography,  may  be  supposed  to  exercise  great  influ* 
ence  in  determining  the  distribution  of  tree  ferns  as  of  other  plants. 

Certain  tree  ferns  occur  typically  as  imdergrowth  in  the  dense 
shade  of  lofty  forest  trees;  for  example,  OyaQiea  gracilis^  a  Jamaican 
species  which  grows  usually  in  peaty  soil  in  wet,  sheltered  depressions. 
The  tnmks  of  this,  though  commonly  short,  sometimes  reach  8  to 
12  feet,  whereupon,  according  to  Jenman,  they  "frequently  fall  and 
lie  procumbent,  though  this  does  not  much  affect  the  growth."  In 
the  moimtain  ravines  of  Java  and  Malaya  there  occiurs  also,  accord- 
ing to  Christ,  a  definite  thicket  formation  of  tree  ferns,  '/over  which 
the  crowns  of  the  forest  trees  form  a  second  forest."  A  similar 
'^  under-forest"  formation  in  which  screw  pines  (Pai^danus)  are 
associated  with  tree  ferns  is  mentioned  from  Celebes.  These  dwarf 
ta:ee-f em  associations  at  high  altitudes  are  believed  to  fill  the  impor* 
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taut  rdle  of  oonsenring  moisture  by  preventing  radiation  and  the 
consequent  drying  out  of  the  fwest  floor. 

Perhaps  a  majority  of  tree  ferns,  however,  occur  as  an  integral 
part  of  the  predominant  forest  growth,  their  crowns  often  reaching 
nearly  or  quite  to  the  level  of  the  tree  tops,  or  in  not  afewspedes 
even  exceeding  it ;  as,  for  instance,  Oyaikea  pfAesceni,  one  of  the  tallest 
Jamaican  species,  which  attains  a  hei^t  of  40  feet  or  more  upon 
the  heavily  forested  hi^er  ridges  of  the  Blue  Mountains  and  easily 
thrusts  its  crown  above  the  surrounding  deciduous  forest.  There 
are  also  certain  species,  like  Ahophxta  parvulay  CyiUheafurfuracea,  and 
C.  insiffnis,  which  in  Jamaica  grow  indifferently  in  open  and  shaded 
situations,  thou^  their  occuirence  in  the  open  may  have  followed 
naturally  from  the  partial  and  piecemeal  clearing  of  the  land,  the 
small  cleared  patches  remaining  under  cultivation  only  a  year  or 
two  before  rapidly  growing  up  to  bush.  It  is  noticeable  that  those 
individuals  growing  in  the  open  often  acquire  a  condensed  or  stunted 
form,  as  described  later. 

At  least  one  species,  Cfyatkea  wfhorta^  flourishes  in  open  situations, 
commonly  in  very  large  colonies.  Jenmian  has  described  it  in 
Jamaica  as  '^  gregarious,  often  covering  acres  on  fuUy  exposed  slopes, 
everywhere  shunning  shade.''  Periiaps  on  the  latter  account,  and 
also  because  of  its  ubiquity,  it  is  found  more  commonly  than  any 
other  about  dwellings  and  plantations,  its  huge,  lacdike  fronck 
lending  an  unusual  decorative  charm  to  scenes  already  novel  and 
interesting  to  northern  eyes.  The  formation  of  groves  by  this 
species  in  relatively  dryish,  open  situations  is  almost  imique  for  the 
family,  although  a  few  (e.  g.,  AUophUa  annala)  are  more  or  lees  gre- 
garious in  partial  shade,  and  many  others  of  our  American  species 
are  found  in  ccdonies  in  the  deep,  wet  forest.  In  New  Zealand  the 
social  tendency  has  even  resulted  in  the  formation  of  large  groves 
under  intensely  humid  conditions.  One  of  these,  which  Colenso 
came  upon  in  the  forest  called  '^  Seventy-mile  Bush,"  in  North 
Island,  is  described  by  him  as  follows: 

On  a  flat  in  the  heart  of  the  foteet,  in  a  deep  hollow  lying  between  steep  hUk,  the 
bottom  of  which  for  want  of  drainage  was  very  wet  and  uneven  and  contained  much 
vegetable  mud  and  water  even  in  the  dryest  summer  season,  I  found  a  laige  and  con- 
tinuous grove  <x  thicket  of  very  tall  tree  ferns,  chiefly  Dicktonia  vjuarromi  and  D. 
fibroMy  with  a  few  of  Cyaihea  deMata  intermixed,  with  but  few  forest  trees  and  shrubs 
growing  scattered  among  them.  I  suppose  they  occupied  about  3  roods  of  ground, 
and  I  estimated  their  number  to  be  800  to  1,000.  They  were  all  lofty,  from  25  to  36 
leethi^,  and  in  many  places  growing  so  close  together  that  it  was  impossible  to  foioe 
one's  way  through  them. 

Concerning  tree-fern  formations  of  this  sort  in  both  New  Zealand 
and  Australia,  CSirist  has  pointed  out  that  they  rarely  consist  of  a 
single  species,  but  are  as  a  rule  mixed  associations  of  tv^o  or  more 
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species;  for  example,  HemiteUa  SmUhii  with  Oyathea  meduOaHs  and 
C.  dedOxUa. 

DIMENSIONS  AND  8HAFB  OF  TRUNK. 

The  stem  or  trunk  m  the  Cyatheacesd  varies  greatly  in  dimensions, 
shape,  and  direction,  and  in  most  characters  of  outward  appearance 
and  covering,  though  for  a  given  species  these  features  are,  with  a 
few  exceptions,  fairly  constant  in  mature  individuals.  The  tallest 
tree  fern  known  is  AlaophUa  excdea,  a  nearly  extinct  species  occurring 
upon  Norfolk  Island,  to  the  east  of  Australia,  whose  trunk  John 
Smith  has  stated  to  measure  from  60  to  80  feet  in  length.  Scarcely 
inferior  to  this  is  A.  MacArOmri,  foimd  upon  Lord  Howe's  Island, 
which,  according  to  Maiden,  attains  a  height  of  from  60  to  70  feet. 
Among  American  species  the  nearest  approach  to  these  dimensibns  of 
length  IB  foimd,  perhaps,  in  AUophUa  armata,  which  Jenman  records 
as  sometimes  reachii^  50  feet  in  Jamaica,  ''the  head  gradually 
fJiTninighing  in  sizo  as  the  stem  lengthens." 

The  smallest  member  of  the  family  in  the  world  is  AlaophUa  Kuhnii, 
recently  described  from  the  Cordillera  of  Colombia^  in  which  the  short 
rootstock  is  erect  and  the  leaves  (including  the  leaf  stalks)  but  8 
inches  long,  the  blade  less  than  1{  inches  broad.  The  smallest  of  the 
North  American  species  is  the  Jamaican  Oyathea  Nockii  (pi.  8),  looking 
most  like  some  coarse  bipinnate  wood  fern  (Diyopteris  or  Poly- 
stichum),  its  relatively  stoutish  stem  4  to  8  inches  long,  prostrate 
upon  the  groimd  and  rooting  underneath,  its  fronds  1  to  3|  feet  long, 
borne  in  a  crown. 

Certain  species  show,  likewise,  a  slendemess  of  stem  which  is  aston- 
ishing in  relation  to  the  enormous  spread  of  crown,  while  others  have 
remarkably  thick  trunks  which  are  of  very  different  internal  struc- 
ture. The  slenderest  North  American  tree  fern  known  to  me  is 
Oyathea  minor  of  eastern  Cuba,  whose  trunk  measures  only  1  to  1} 
inches  in  diameter,  though  rising  to  a  height  of  6  to  12  feet.  A 
Ceylon  species,  Oyathea  sinuata,  with  curious  narrow,  nearly  entire 
strap-shaped  leaves,  is  even  more  slender. 

Exact  data  upon  the  thickness  of  tree  fern  trunks  are  not  very 
abundant.  Darwin,  in  the  Voyage  of  the  Beagle,  mentions  a  trunk 
(the  genus  and  species  not  stated)  in  Van  Diemen's  Land  which  had 
a  circumference  of  6  feet,  nearly  2  feet  in  diameter.  Mr.  H.  W. 
Henshaw,  of  the  United  States  Department  of  Agriculture,  measured 
trunks  of  Cibotium  (supposed  to  be  O.  Memiezii)  in  the  district  of 
Olaa,  Hawaii,  many  of  which  (including  the  dense  covering  of  adven- 
titious roots)  were  3  feet  in  diameter,  and  a  single  one  4  feet.  These 
are  said  to  have  grown  usually  as  undergrowth  in  the  forest,  but  also 
in  partial  clearings,  where  they  attain  a  height  of  40  feet,  large 
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numbers  being  from  20  to  30  feet  high;  the  usual  shape  of  the  trunk 
was  cylindrical,  although  many  showed  a  conical  form  at  the  enlarged 
base.  Among  North  American  species  the  largest  known  is  CyaOiea 
Brunei,  as  it  occurs  on  the  lower  slopes  of  the  Volcano  Turrialba  in 
Costa  Kica.  The  trunk  of  this  is  nearly  cylindrical  and  very  stout, 
12  to  15  feet  high,  12  to  20  inches  in  diameter,  and  clothed  with  the 
dead  hanging  fronds  of  previous  seasons;  the  fronds  measure  12  to  15 
feet  long  and  5  to  6  feet  broad — truly  a  giant  among  ferns. 

It  is  interesting  to  note,  however,  that  in  addition  to  the  two  very 
small  American  species  previously  mentioned  a  fair  niunber  of  Cya- 
theaceaB  have  failed  to  develop  a  pronounced  upri^t  habit,  and  that 
several  of  these  are  among  the  largest-fronded  species  of  the  family; 
for  instance,  AlsophUa  quadripinnata  {A.  pruinata)  and  several  species 
of  Hepiitelia,  section  Cnemidaria.  The  former,  which  in  one  state  or 
another  ranges  through  the  West  Indies  and  from  Mexico  to  Chile, 
has  enormous  fronds,  9  to  15  feet  long,  borne  in  a  spreading  crown 
from  a  short  erect  stem  which  is  rarely  more  than  3  feet  high  and 
usually  much  less,  averaging  perhaps  1  foot  high,  with  a  diameter  of 
3  to  5  inches.  Jenman  has  called  attention  to  the  fact  that  the  stem 
of  this  commonly  ''  buds  and  throws  up  from  the  base  a  number  of 
minor  steins  about  half  the  size  of  the  primary  one,"  a  condition 
which  is  comparable  to  the  development  of  the  fasciculate  or  multi- 
cipital  crown  in  the  male  fern  {Dryopterisflixrmaa)  and  other  common 
northern  species,  but  which  is  not  found  in  many  Cyatheace®.  The 
Cnemidaria  species  mentioned  show  a  wide  amoimt  of  variation  in 
length  of  trunk.  One  or  two  South  American  members  of  this  small 
and  exceedingly  interesting  section  have  tall  slender  trunks,  but  most 
of  the  North  American  representatives  have  the  stem  either  short  (1 
to  3  feet  high),  thick,  and  erect,  as  in  Hemitelia  (Cnemidaria)  horrida 
(pi.  11),  or  a  little  longer,  and  weakly  ascending,  rarely  attaining  the 
dignity  of  a  trunk. 

TTFES  OP  UPBIOHT  TRUNKS. 

Two  main  types  of  upright  trunks  may  be  distinguished  readily 
among  the  American  Cyatheacese:  The  first,  in  which  the  fronds,  like 
those  of  Cy<Uhea  arhorea,  fall  completely  from  the  trunk  in  old  age, 
leaving  clean-cut  scars;  a  second  type,  in  which  the  fronds  are  imper- 
fectly jointed  to  the  trunk  and  thus  are  slowly  deciduous,  commonly 
hanging  for  several  years  after  dying,  and  even  when  fallen  leaving 
parts  of  their  bases  as  a  rough  outer  covering  to  the  trunk.  More 
species  have  trunks  of  the  first  sort  than  of  the  second;  but  the  latter 
condition  is  not  at  all  imcommon,  and  is  apparently  the  rule  for  species 
of  Dicksonia.  It  is  common  also  to  many  species  of  Cyathea,  among 
which  may  be  mentioned  C.  nigrescens  in  Jamaica  and  C.  araneosa  in 
Cuba.    Some  species  are  intermediate  in  this  respect;  and  many  (e. g.. 
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the  West  Indian  Cyaihea  elegans  and  AlsophUa  nquUina  and  the  Costa 
Riean  A.  croMifolia) ,  which  exhibit  this  character  to  a  marked  d^ree 
in  their  young  state,  in  age  develop  clean  trunks,  with  definite  even- 
surfaced  scars.^  The  appearance  of  a  trunk  sheathed  with  broken  or 
hanging  fronds  is  much  less  attractive  than  that  of  stems  from  which 
the  leaves  are  freely  deciduous;  yet  a  few,  like  CyatheOr  Brunei j  m^e 
than  make  up  in  sheer  massiveness  whatever  they  may  lack  in  ele- 
gance and  graceful  proportion. 

Hie  arrangement  of  the  leaves  upon  the  stem  may  be  observed 
best  in  species  which  have  smoottdsh  trunks,  as  in  the  common 
form  of  Oyaihea  arhorea,  shown  in  plate  3,  figure  A.  In  these  the 
leaf  scars  may  be  either  widely  spaced  or  rather  compactly  set 
together,  forming  a  rough  but  regular  mosaic  pattern;  if  the  latter, 
the  trunk  is  said  to  be  tesselate.  In  most  there  may  be  noted  a 
definite  spiral  arraiigement,  which  differs  according  to  the  species 
and,  exceptionally,  among  individuals  of  the  species.  In  Cyaihea 
aureordtens,  however,  and  probably  in  others,  the  scars  are  not 
spirally  arranged  nor  closely  set,  but  uniformly  appear  in  distinct 
horizontal  zones,  the  six  to  eight  leaf  scars  of  each  forming  a  separate 
distinct  girdle  about  the  trtmk,  8  to  12  inches  from  the  one  above  or 
below. 

EBSTINa  PBBIODS. 

Cyaihea  cmreanUens  has  also  another  unusual  feature,  that  of 
shedding  all  its  fronds,  after  maturity,  at  one  time,  seasonally, 
a  trait  which  it  shares  with  several  other  species  of  the  same  genus, 
Cyaihea  cohcmna  and  C  Tussadi  of  Jamaica  and  C.  insignie  of 
Jamaica  and  Cuba.  Concerning  the  first  of  these  Jenman  remarks 
that  ''like  C.  Tussacii,  in  the  resting  season,  in  late  spring  or  toward 
midsununer,  it  drops  all  its  fronds,  the  large  stout  trunk,  a  uniform 
diameter  from  top  to  bottom,  standing,  postlike,  tiU  growth  begins 
again."  With  respect  to  C.  Tussacii  he  writes,  '*In  some  instances, 
late  in  the  resting  season,  about  May  or  Jui^,  the  fronds  all  drop 
away,  leaving  the  bare  trunk.  When  vegetation  begins  again  a 
whorl  is  thrown  up  together."  Cyaihea  insignis,  also,  ''like  the 
two  preceding,  makes  its  growth  periodically,  throwing  out  a  tier  of 
fronds  at  once  and  then  resting  for  an  interval."  In  Cyaihea 
aureonitenSf  as  I  have  observed  it  in  western  Panama  and  Costa 
Rica,  not  only  the  large  tripinnatifid  fronds  themselves  but  also 
their  component  leafy  parts,  the  pinn»  and  pinnules,  are  sometimes 
freely  deciduous;  the  latter  were  even  observed  to  fall  first,  leaving 
the  leaf  stalks  and  nearly  bare  midribs  of  the  huge  leaves  standing 
out  temporarily  Uke  stout  whip  stalks  before  they  also  should  fall. 

>  A  similar  tendency  toward  haOxj  growth  from  long-pecsistent  toaves  is  myCed  in  yoong  plants  of  certain 
patans,  as,  for  example,  the  common  <'oorolio"  of  Jamaica  iAcrieomiafutifarmii), 
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Other  speciee  show  this  trait  to  a  leaeer  extent;  and  idule  a  few 
seem  to  maintain  always  their  full  complement  of  leaTes,  it  is  doubt- 
less true  that  most  tree  fenis  bear  their  greatest  number  of  leayea 
during  the  moister,  yegetatiye  season,  and  a  smaller  number  while 
resting  between  actiye  growing  periods.  An  accentuation  of  this 
tendency  mi^t  easily  lead,  and  doubtless  has  led,  to  the  complete 
seasonal  shedding  of  fronds  in  the  seyeral  species  mentioned.  This 
conclusion  is  strengthened  by  our  knowled^  of  the  derelopmeiit 
of  the  habit  by  different  q>ecies  upon  widely  separated  areas,  and  is 
not  inyalidated  by  the  fact  that  these  are  associated  with  other 
species,  apparently  under  identical  conditions  of  environmoit,  in 
which  this  trait  is  not  in  evidence. 

YABIABIUTT  IN  BATE  OP  GROWTH — ^AOE. 

Of  the  species  which  under  humid  forest  conditions  ordinarily 
produce  lofty  trunks,  certain  individuak  growing  in  more  open 
situations  will  often  be  found  much  reduced  in  stature.  One  of 
the  best  illustrations  of  this  to  come  under  my  observation  is  that  of 
(hfoOuafuffuraeea,  a  species  which  is  very  common  in  the  forests  of 
the  Blue  Mountains  of  Jamaica,  occupying  a  broad  belt  between 
4,000  and  6,000  feet,  and  occasionally  attaining  a  hei^t  of  40  feet  or 
more.  Dwarfed  specimens  upon  partially  cleared  slopes,  although 
often  only  3  or  4  feet  high,  still  retain  their  erect  arborescent  character, 
however  slow  the  development  of  the  trunk  may  be,  and  differ  from 
the  more  luxuriant  individuals  growing  in  moist  shade  mainly  in 
their  smaller  fronds  and  more  closely  set  leaf  scars,  the  last  a  definite 
mark  of  the  plants  of  slow  growth.  Hie  same  species  as  I  met 
with  it  upon  the  shrubby  open  slopes  of  the  Gran  Piedra  in  eastern 
Cuba,  at  4,000  feet  elevation,  is  even  more  reduced,  its  trunk  measur- 
ing from  1  to  2  inches  in  thickness,  its  fronds  one-third  to  one-half 
their  usual  size.  This  phenomenon  of  reduction  in  size  as  a  result  of 
excessive  insolation,  and  consequent  drying  out  of  the  substratum, 
is  commonly  observed  in  most  groups  of  ferns  whenever  plants 
normally  shade  inhabiting  are  thrust  into  the  open.  Johow  has 
stated  that  the  great  tree  ferns  of  Juan  Fernandez  develop  as  well  in 
the  Sim  as  in  shade;  but  such  a  condition,  we  must  believe,  is  excep- 
tional. 

Another  excellent  example  of  the  variability  in  rate  of  growth  is 
found  in  OyccOiea  arborea,  as  evidenced  by  two  trunks,  both  of  this 
species  (shown  at  one-half  natural  size  in  pi.  3),  which  I  collected 
upon  the  southern  slope  of  the  Sierra  Maestra  of  eastern  Cuba  in 
March,  1907.  The  plants  of  which  figure  A  represents  a  typical 
trunk  section  were  about  35  feet  high  and  slender,  with  a  compact 
crown  of  medium-sized  leaves  spreading  widely  from  the  trunk, 


Digitized  by  CjOOQIC 


TBfiB  PBANd  OF  KOETH  AMMXL0A,—UAX01Sl .  473 

their  attadiment  being  nearly  at  right  angles.  The  plants  of  which 
figure  B  represents  a  trunk  section  w&ce  rather  shorter  and  more 
robust,  with  an  immense  crown  of  larger  frcmds  rising  from  the 
trunk  like  a  huge  funnel,  their  leaf  stalks  being  subereot  and  in 
attachment  extending  from  the  apex  a  distance  of  seyeral  inches 
down  the  trunk.  At  the  time  these  plants  were  collected  they  were 
believed  to  represent  two  very  different  species.  Nevertiieless, 
upon  careful  study  subsequently  it  was  found  tliat  they  possessed  no 
technical  differences  whatever  by  ^^ch  they  might  be  recognized 
as  distinct,  aside  from  the  difference  in  shape  and  size  of  leaf  scars, 
even  the  scales  of  the  trunk  and  leaf  bases  being  exactly  alike  except 
as  to  size;  and  the  conclusion  was  forced  that  these  were  forms  assumed 
by  a  single  species,  the  differences  noted  in  the  trunks  being  dependent 
upon  the  age  and  vegetative  vigor  of  the  plants.  This  conclusion  was 
substantiated  later  by  an  examination  of  several  living  West  Indian 
plants  of  this  species  in  the  conservatories  of  the  New  York  Botanical 
Garden,  in  which  both  kinds  of  scars  were  found  to  occur  upon  the 
same  individual,  each  in  a  separate  zone.  In  one  cultivated  plant  in 
particular  it  was  clear  that  a  period  of  rapid  vigorous  growth,  as 
indicated  by  a  sequence  of  long-elliptical  distant  scars,  had  been 
followed  by  a  period  of  diminished  growth,  during  which  the  elonga- 
tion of  the  stem  had  proceeded  but  slowly.  The  record  of  the  latter" 
period  was  plainly  written  in  the  zone  of  closely  set,  rounded  to 
subhexagonal  scars,  the  shape  and  position  of  these  obviously  having 
resulted  from  the  crowding  of  the  leaves  at  the  apex  of  the  very 
slowly  lengthening  stem.  I  have  noticed  a  similar  variation  in  the 
rate  of  growth  in  other  arborescent  species  of  CyatheaceaB,  but  none  so 
pronounced  as  in  Oyathea  arborea. 

The  age  of  the  laji^er  tree  ferns  is  difOcult  to  determine,  and  I  am 
not  aware  that  any  authentic  data  are  available.  Certain  specimens 
in  Jamaica  have  been  reckoned  200  years  old,  which  probably  is 
too  high  an  estimate,  although  many  individuals  doubtless  attain 
an  age  of  at  least  100  years,  if  we  may  judge  from  the  apparent  rate 
of  elongation  of  the  upper  stem.  Growth,  however,  is  more  or  less 
periodic  at  some  stage  in  the  life  history  of  most  large  tree  ferns, 
depending  upon  favorable  or  unfavorable  seasons  and  upon  various 
factors  of  environment;  and  the  only  reliable  means  of  arriving  at 
the  probable  age  of  such  individuals  is  from  an  extended  series  of 
observations,  over  a  long  period,  of  plants  growing  in  their  native 
environment. 

BRANCHING  OF  TEUNKS — ^ADVENTmOUS  OBOWTH. 

The  upright  stems  of  tree  ferns  are  nsually  simple,  but  there  have 
been  put  on  record  several  instances  of  occasional  forking  of  the 
trunk,  and  in  a  few  species  the  tendency  is  rather  pronounced. 
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Jenman  cites  AhopkUa  armaia  and  Oyatheafuffamcea  in  Jamaica  as 
occasionaUy  l»*anched  and  haying  two  or  more  crowns,  aiKi  AlaophUa 
aspera  as  having  produced  in  one  instance  several  stems  from  a 
sin^e  base.  The  peculiar  Dicksania  BerUroama  of  Juan  Fernandez 
is  said  to  divide  at  the  base,  having  branches  up  to  18  feet  long  and 
'Hhiek  as  one's  leg."  A  notable  instance  also  is  that  of  a  New 
Zealand  species,  HemUeHa  Smiihii,  as  described  and  figured  by 
Buchanon,  in  which  a  specimmi  16  feet  high  had  no  less  than  16 
branches.  In  AUopkUa  quadripinnata,  previously  mentioned,  the 
branching  is  at  or  near  the  ground,  as  in  DidcwMa  Berieroana. 

Christ  has  also  mentioned  on  Wei>ckle's  authority  a  remarkable 
example  of  adventitious  growth  in  a  Costa  Rican  tree  fern  (Oyaihea 
sp.)  which  is  worthy  of  further  investigation.  In  this  plant  buds  are 
said  to  have  been  borne  in  all  the  axils  of  the  leaves,  their  position 
ihea^on  being  at  die  upper  side  of  the  leaf  scar  after  the  fronds  w^re 
fallen  from  the  Ixunk.  Although  a  comparativdy  small  number  of 
these  developed,  yet  the  stem  was  several  times  branched  at  a  height 
of  5  feet,  and  the  larger  of  the  branches  formed  a  beautiful  crown  of 
more  than  25  branches. 

In  a  large  number  of  Cyatheace89  having  tredike  stems  one  of  the 
most  conspicuous  f eatiu^es  is  the  development  of  adventitious  roots, 
which  encircle  the  older  portions  of  the  trunk  in  a  hard,  wiry,  closdy 
interwoven  mass,  very  much  like  bark.  These  roots  are  comimonly 
produced  in  great  abundance,  often  wholly  obscuring  the  origfaial 
proportions  of  the  stem,  which  may,  indeed,  appear  in  cross  section 
merely  as  a  core,  measuring  but  one^fourth  to  one-half  the  total 
diameter.  Toward  the  bottom  of  tiie  trunk  they  are  especially 
abundant,  as  might  be  expected,  and  frequently  occur  in  such  quan- 
tity as  to  form  a  massive  conical  base,  which  undoubtedly  serves  to 
give  stability  to  the  lofty  stem,  as  in  Oyaihea  supmstrigosa  (O.  can- 
8picua)f  a  species  inhabiting  the  upper  slopes  of  several  Costa  Rican 
volcanoes,  whose  huge  base  is  said  to  measure  a  full  5  feet  in  diame- 
ter. There  can  be  little  doubt  also  that  the  formation  of  the  dense 
indurated  covering  of  the  lower  and  middle  portions  of  the  trunk 
proper  gives  great  strength  and  rigidity  to  the  otherwise  slender 
stem,  which  better  enable  it  to  support  the  weight  of  the  upper 
part,  including  the  great  spreading  crown  of  succulent  leaves.  The 
production  of  these  aerial  roots  is  apparently  continuoiis,  the  diame- 
t^  of  the  complete  "trunk"  (stem  and  aerial  roots  combined)  thus 
roughly  keeping  pace  with  the  elongation  of  the  trunk. 

Tree  fern  trunks  of  this  sort  are  the  favorite  home  of  many  filmy 
ferns  (Hymenophyllaceae),  a  few  of  which,  Mke  TricTiomanes  capH- 
laceum  (T.  irichoidewm) ^  are  not  often  foimd  in  othOT  places.  The 
sight  of  a  huge  fern  trunk,  its  rough  surface  clothed  on  all  sides  in  a 
lacelike  mantle  of  this  most  delicate  of  all  ferns,  each  of  thdr  hair- 
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like  diyisions  with  its  tiny  drop  of  moisture  sparUing  ia  ihe  soft 
half  light  of  the  cool  forest,  and  the  unbroken  silence  of  the  forest 
itself  create  an  impression  not  readily  to  be  forgotten. 

In  Hawaii  and  dsewhere  aerial  root  masses  are  cut  from  the  stem 
and  fashioned  into  hanging  baskets  for  the  cultivation  of  ferns, 
orchids,  and  yarious  epiphytes.  They  are  admirably  suited  to  this 
purpose,  the  interstices  among  the  closely  interwoven  roots  affordiog 
a  ready  outlet  for  excess  water. 

TBEE   FERN  TRUNKS  AS  TIMBER. 

The  illustration  shown  in  plate  4  is  of  a  building  at  Sepacuitfi, 
Alta  Verapaz,  Guatemala,  whose  outer  upright  timbers  are  mostly 
tree  fern  trunks,  roughly  squared  and  set  on  end  close  together. 
The  country  immediately  surrounding  Sepacuit6  is  for  the  most 
part  heavily  forested,  except  in  the  areas  cleared  for  coffee  planting, 
and  since  many  species  of  tree  ferns  still  abound,  the  use  of  their 
trunks  in  building  is  not  remarkable.  I  am  informed,  however,  by 
Mr.  O.  F.  Cook,  of  the  United  States  Department  of  Agriculture,  who 
has  traveled  extensively  in  this  region,  that  elsewhere,  even  under 
conditions  of  considerable  difficulty,  a  similar  use  of  these  timbers  is 
made,  indicating  the  high  value  placed  upon  them.  Mr.  Cook 
writes  as  follows: 

Though  Guatemala  is  naturally  a  country  of  heavy  foreete,  wood  for  building  pur- 
poses, or  even  for  fuel,  is  a  scarce  and  expensive  article  in  most  of  the  laiger  towns, 
all  of  the  neighboring  forests  having  been  cut  long  since  and  burned  to  make  room 
for  cornfields.  Everjrthing  in  the  way  of  wood  has  to  be  brought  down  from  the 
mountains  on  the  backs  of  men. 

During  a  visit  to  Coban,  the  capital  of  the  Department  of  Alta  Verapaz,  in  1904, 
many  Indians  were  seen  carrying  tree  fern  trunks  throiigh  the  streets.  On  inquiry 
it  was  learned  that  the  fern  logs  command  a  higher  price  than  any  other  kind  of  wood, 
and  are  looked  upon  as  the  best  of  building  mat^ial.  The  special  value  of  the  fern 
wood  lies  in  the  fact  that  it  withstands  the  attacks  of  the  termites  and  does  not  decay. 
The  termites,  or  so-called  white  ants,  are  wood-boring  insects  that  are  very  destruc- 
tive to  buildings  in  tropical  countries. 

The  fern  trunks  have  a  diameter  of  6  or  7  inches.  They  are  usually  flattened  on 
two  sides  or  roughly  squared  and  are  set  upright  to  support  the  framework  of  the 
native  houses.  The  walls  are  filled  with  clay  or  loose  rubble  of  clay  and  stones. 
The  surfoce  receives  a  coating  of  plaster  in  the  interest  of  appearances  and  as  a  im>- 
tection  against  the  weather. 

The  fern  timbers  are  entirely  black  in  color,  like  wood  chaixed  in  fixe.  The  tex- 
ture appears  rather  loose  and  open,  the  outer  layer  being  mainly  a  compact  mass  of 
small  roots;  but  the  elements  have  a  glassy  hardness  thatunakes  it  easy  to  imderstand 
their  resistance  to  all  forms  of  decay  or  insect  injury.  When  houses  become  dilapi- 
dated with  age  the  fern  trunks  are  taken  out  and  used  over  again  and  are  considered 
quite  imperishable. 

Jenman  mentions  a  somewhat  similar  use  of  the  trunks  of  Oj/aihea 
arborea  by  the  blacks  in  certain  parts  of  Jamaica  as  posts  for  their 
houses,  stating  that  no  other  species  is  there  appUed  to  this  purpose. 
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jLccording  to  CSirist  Alsopkila  ddngata  k  thus  utilized  in  Colombia, 
and  the  tninks  of  Did^ania  SeUowiana  in  Brazil  by  jdant^rs  in 
making  inclosureB  for  their  farms.  In  Colombia  Mr.  Frank  M. 
Chapman  has  observed  the  occasional  use  of  tree  f«m  trunks  ^'pos- 
sibly  14  feet  in  height  above  the  surface  of  the  ground"  as  telegraph 
polesy  although  as  a  rule  bamboos  are  ordinarily  there  used  for  this 
purpose. 

Still  another  use  k  made  in  Hawaii  of  Qbotium  trunks,  which,  as 
mentioned  above,  there  grow  to  such  enormous  proportions.  Mr. 
Henshaw  states  that  it  is  a  conmion  practice  to  make  trails,  1  to  5 
miles  long,  leading  through  the  woods  to  the  coffee  plantations  in 
the  moimtains,  entirely  out  of  Cibotium  trunks,  eiiher  whole  at 
split  in  halves.  He  adds  that  the  coarse  thick  covering  of  adven- 
titious rodts  provides  a  springy,  well-drained  surface  for  walking,  and 
that  trails  thus  constructed,  by  the  convenient  use  of  these  trunks 
as  a  rough  and  nearly  indestructible  planking,  afford  ready  access 
to  plantations  through  wet  forests  which  otherwise  would  prove 
almost  impassable. 

THE  LEAVES. 

Considerable  attention  has  been  devoted  thus  far  to  a  consideration 
of  the  rhizome,  which  has  been  foimd  to  assume  different  forms  of 
growth  and  to  vaiy  greatly  in  nearly  all  respects.  A  similar  diversity 
is  exhibited  also  by  the  leaves  or,  as  they  are  commonly  called,  the 
fronds.  Of  the  two  tribes  between  which  the  North  American  species 
are  divided,  the  Cyathe®  and  Dicksonie»,  the  former  presents  not 
only  a  far  greater  variety  in  v^etative  form,  but  also  a  much  higher 
differentiation  of  special  structures.  It  will,  therefore,  be  desirable 
to  consider  the  two  tribes  separately,  though  it  is  impossible  in  the 
present  paper  to  do  more  than  indicate  briefly  some  of  the  more  typical 
structural  and  vegetative  features  of  each. 

LBAYBS  OF  THE  CTATHBiB. 

The  leaves  of  the  Cyatheae  vary  in  length  from  1  foot  to  15  feet,  the 
two  examples  previously  cited  being  AUopMh  Kvhrm  and  Oyathea 
Bruneif  respectively.  In  position  they  have  been  mentioned  as  arch- 
ing in  a  semierect  crown,  spreading,  or  even  drooping,  their  attach- 
ment (m  arborescent  species)  varying  from  nearly  vertical  to  hori- 
zontal, and  thus  determining,  in  connection  with  the  rate  of  growth, 
the  shape,  size,  and  relative  position  of  the  leaf  scars.  In  addition 
to  the  general  shape  and  cutting  of  the  leaf  blades  there  remain  now 
to  be  noticed  especially  the  thomlike  armature  of  the  stipes  (leaf 
stalks)  and  rachises  (primaiy  and  secondary  midribs  of  the  blades), 
the  covering  of  the  growing  crown,  and  the  production  of  minute  soaks 
and  hairs  of  many  different  kinds  not  only  upon  the  vascular  parts  of 
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the  blades,  but  also  upon  the  leaf  tissue.  In  these  characters  the 
members  of  the  tribe  Cyatheaa  show  ahnost  infinite  diversity. 

In  many  species  of  Cyathea  and  Alsophila,  and  less  commonly  of 
Hemitelia,  the  trunks  are  more  or  less  completely  covered  with 
spines,  a  fact  which  no  one  who  has  reached  out  hastily  and  grasped 
one  in  a  futile  effort  to  stay  his  rapid  descent  down  some  steep, 
slippery,  forest-dad  slope,  is  likely  to  deny.  As  a  rule,  however,  the 
trunks  are  spiny  simply  from  the  partial  persistence  of  the  broken 
stipe  bases,  which  indisputably  are  spiny.  Two  stipe  bases  thus 
armed  are  shown  in  plate  5;  of  these  figure  B  represents  Oyathea 
onusta,  and  figure  C,  0.  a/ureonitenSf  both  species  of  Costa  Rica  and 
western  Panama.  The  last  mentioned  is  one  of  those  which  really 
produce  spines  upon  the  trunk  also,  and  these,  like  those  of  the  stipe, 
of  needldike  sluu-pness.  In  certain  species  the  spines  are  long, 
straight,  columnar,  and  blunt;  in  others  low  and  broadly  conical,  with 
a  hooked  point;  in  still  others  slender  and  sharp,  but  very  short  and 
closely  set.  The  conical^  more  or  less  curved  form  is  the  conunonest 
one  among  North  American  species.  In  OyaHiea  arhorea  (pi.  5,  fig.  A) 
they  are  evident  only  as  low  tubercles,  and  in  not  a  few  others  they 
are  altogether  lacking.  They  are  usually  produced  only  upon  the  un- 
derside of  the  stipe,  in  some  species  extending  in  lessened  size  and 
nmnber  along  the  raclus  well  toward  the  apex  of  the  blade,  as  may  be 
seen  in  AhofMla  aspera  (pi.  7).  In  color  spines  range  from  yellow 
to  brown,  purple  and  black,  usually  taking  the  color  of  the  stipe  or 
presenting  a  darker  and  highly  polished  surface.  They  have  been 
said  to  be  poisonous,  though  the  truth  of  this  is  certainly  open  to  doubt. 

The  stipe  is  otherwise  furnished  with  large  protective  scales  which, 
however  varied  in  character,  are  as  distinctive  for  each  speciee  as  are 
the  spines  of  each.  These  scales  closely  invest  the  apex  of  the  crown 
in  a  thick,  upright,  brushlike  mass.  The  young  fronds,  like  those  of 
all  ferns,  as  they  unroll  from  the  bud  carry  with  them  their  scaly 
covering.  (Plate  6  represents  at  natural  size  a  yoimg  expanding 
frond  of  Oyathea  arborea.)  The  great  majority  of  the  large  scales 
which  devdiop  upon  the  frond  as  it  increases  in  size  are,  however, 
readily  deciduous ;  and  as  a  rule  only  those  of  the  lower  stipe,  and  more 
especially  those  which  are  seated  in  the  deep  axils  of  the  stipe  bases, 
persist  until  the  frond  attains  maturity.  The  latter  are  precisely 
like  those  of  the  crown,  of  which,  in  fact,  they  are  really  an  integral 
part.  Thus  constituted,  the  cap  or  head  of  the  crown  consists  ordi- 
narily of  scales  so  closely  packed  together  that  they  serve  as  a  very 
effective,  impervious,  protective  covering,  not  only  against  excessive 
moistiue  and  consequent  infection  from  without,  but  also  as  a  safe- 
guard, enaUing  the  plant  to  maintain  without  interruption  its  vital 
activities  at  the  one  essential  point,  the  apex,  despite  unusual  ex- 
tremes of  dryness,  heat,  and  cold.    The  utility  of  the  chaffy  cap  is 
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thus  obyious;  for  it  is  inconoeiyable  that  without  this  or  some  similar 
protectiye  feature  individuak  of  such  slow  continuous  growth  could 
attain  their  great  sise  and  age.  Tree  ferns  with  trunks  20  to  80  feet 
hi^  do  not  grow  in  a  day. 

As  offering  diagnostic  marks  to  assist  in  the  .Tecognition  of  the  spe- 
cies also  the  scales  are  of  the  greatest  interest,  since  however  various 
their  form,  color,  and  structure  these  features  are  usually  constant  and 
distinctiye  for  each  species.  The  largest  scales  I  have  seen  are  those 
which  densely  dothe  the  2-inch  thick  stipes  of  OyaHiea  Brunei.  In 
this  species  the  large  outer  scales  are  of  a  silky  textiu^,  yellowish- 
brown,  up  to  2i  inches  long,  in  shape  veiy  narro¥rly  lanceolate  and 
long  pointed,  borne  in  great  profusion  and  widely  spreading,  and 
underlaid  by  successively  smaller  scales,  the  innermost  of  which  are 
comparatively  minute,  slender,  stiff,  dark  brown,  and  have  minutdy 
spiny  margins.  Very  few  species  show  so  great  variation  in  this  par- 
ticular. The  prevailing  color  of  the  scales  is  some  ishade  of  brown, 
ranging  in  different  species  from  yellowish  or  reddish-brown  to  chest- 
nut-colored, or  purplish-brown;  a  few  are  white,  others  almost  coal 
black;  and  in  certain  species  two  colors  are  strikingly  combined. 
In  shape  there  is  nearly  eveiy  variation  between  the  rounded-ovate 
and  slender  almost  needlelike  form,  and  in  textiure  from  delicately 
membranous  to  veiy  thick.  As  a  rule,  the  thickest  scales  are  the 
most  highly  colored,  as  in  most  other  ferns.  The  margins  of  the  scales 
may  be  entire  or  irregularly  lacerate,  minutely  saw  toothed,  or,  as 
already  noted,  even  beset  with  stiff,  bristlelike  teeth. 

Of  the  North  American  members  of  the  tribe  Cyathese  a  few  are 
bipinnatifid,  though  most  are  either  very  deeply  tripinnatifid  or 
tripinnate,  and  a  very  few  quadripinnate  or  nearly  so;  none  are 
simple.  In  outline  their  blades  range  from  lanceolate  to  broadly 
ovate.  An  example  of  the  tripinnatifid  type  is  shown  in  plate  7, 
representing  pimue  of  AUophUa  aspera,  the  plant  mentioned  by 
Sloane.  A  pecuUar,  low-growing,  bipinnatifid  species,  Oyathea  Nockii, 
of  Jamaica,  is  figured  at  about  two-fifths  natural  size  in  plate  8. 
Upon  the  racluses  and  midveins  of  most  species,  and  also  upon  the 
ultimate  veinlets  and  upon  the  leaf  tissue  of  many  of  these,  occur 
various  small,  even  minute,  scales  of  varied  form  and  color.  They 
may  be  flattish  or  convex,  thick  or  exceedin^y  thin  and  delicate, 
roundish,  linear,  deeply  deft,  fringed,  or  either  reduced  to  the  form 
of  minute  stellate  brisUes;  but  whatever  their  character  and  i>osition 
upon  the  several  parts  of  the  blade  they  will  be  found,  within  certain 
limits,  to  be  very  constant  and,  like  the  spines  and  scales  of  the  stipe, 
to  serve  as  definite  recognition  marks  for  the  species.  Hairs,  some 
composed  of  several  cells,  others  unicellular  and  glandlike,  are  also 
borne  similarly.    like  the  scales,  they  also  in  their  structure  aijid  dispo* 


Digitized  by  CjOOQIC 


TREE  FEBNB  OF  NOBTH  AMBBICA — MAXON.         479 

sition  contribute  excellent  diagnostic  characters  by  which  the  species 
may  be  distinguished. 

LEAVES  OF  THE   DICKSONIEiB. 

Of  the  three  genera  which  comprise  the  tribe  DicksonieaB;  two 
(Dicksonia  and  Cibotium)  are  usually  arborescent  and  have  numerous 
large  leaves  borne  in  erect-arching  crowns,  as  in  most  species  of  the 
Cyathe«B,  while  the  third  (Culcita)  is  very  much  smaller,  never  develops 
an  upright  trunk,  and  might  readily  be  taken  for  a  memb^  of  the 
family  Polypodiaceae.  There  is  evident  among  them  not  only  a 
pronounced  difference  in  size,  but  also  in  shape  and  cutting  of  the 
blades,  as  mentioned  hereafter.  They  have,  however,  one  very  dis- 
tinct feature  in  conunon,  namely,  ihe  development  of  great  masses 
of  delicate,  limp,  threadlike  scales,  of  a  type  not  foimd  in  many 
species  of  the  tribe  Cyatheae.  These  are  produced  in  great  abun- 
dance upon  the  growing  crown  of  the  plant  and  extend  freely  along 
the  stipes  and  rachises,  from  which,  however,  they  are  readily 
deciduous.  They  are  usually  yellowish  or  yellowish-brown  and 
glistening,  either  straight  or  matted  together,  fragile,  each  com- 
posed of  a  single  series  of  thin,  elongate,  flattish  cells  set  on  end. 
Apparently  scales  of  no  other  types  are  produced  in  this  tribe.  The 
collection  of  this  soft  woollike  substance  from  the  crowns  of  several 
species  of  Cibotium  occurring  in  the  Hawaiian  Islands  was  long  a 
commercial  industry,  ihe  material  (there  called  ''pulu'O  being  used 
mainly  as  a  stuffing  for  small  pillows.  The  wool  of  the  Asiatic 
Oibotium  Baronetz,  the  fabled  ''Scythian  Iamb,"  and  of  a  species  of 
Culcita  has  been  similarily  used,  and  in  a  limited  way  also  for  stopping 
bleeding  of  wounds  in  surgery. 

CLASSIFICATION. 

The  recognition  of  the  CyatheacesB  as  a  distinct  family  of  fecns  is 
based  for  the  most  part  upon  minute  microscopical  characters  of  the 
sporangia,  the  ''spore-cases,"  which  form  the  sori  or  "fruit  dots." 
The  division  of  the  family  into  tribes  rests  in  part  upon  similar 
characters,  but  also  very  largely  upon  more  apparent  d^erences  in 
the  form  of  the  indusia,  special  outer  structures  which  more  or  less 
completely  inclose  and  protect  the  sporangia  during  their  period  of 
development.  As  already  stated  the  North  American  species  are 
associated  in  two  tribes,  the  CyatheaB  and  the  Dicksonieae,  whose 
main  diagnostic  characters  may  be  readily  recognized. 

The  tribe  'Cyathes  is  distinguished  by  having  the  sori  borne 
directly  upon  the  ultimate  veins  of  the  segment  and  never  at  the  ends 
of  the  veins,  which  extend  nearly  to  the  margin.  The  sorus  may  in 
different  genera  be  either  naked  (without  a  specUd  promotive  outer 
structure)  or  either  partially  or  whoUy  0\irr9unded  \>7  wch  an  organ, 
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theindusitim.  U  an  indushim  of  any  0(Mt  be  present,  it  is  nerw  formed 
of  any  portion  of  the  leaf  margin,  but  is  developed  8q>arately,  being 
attached  at  the  base  of  the  receptacle — ^the  raised  conical,  globose,  or 
club-shaped  structure  upon  which  the  sporangia  are  borne. 

The  tribe  Dicksonieae,  on  the  other  hand,  has  all  the  son  produced 
upon  the  ends  of  the  veins;  that  is,  they  are  truly  terminal  and 
marginal.  In  this  tribe  the  sorus  is  invariably  provided  with  a 
bilobed  or  bivalvate  irdusium  of  a  idioUy  different  character  from 
that  of  4he  Cyathe»,  since  it  is  formed  in  part  by  the  more  or  less 
modified  and  concave  margin  of  small  lobes  of  the  leaf  segment, 
iiiese  facing  inward.  A  similariy  fashioned  concave  inner  lip,  facing 
outward,  arises  from  the  base  of  the  receptacle.  Thus  die  two  lips 
together  constitute  the  ''double"  (i.  e.,  bilobed  or  bivalvate)  indusium 
mentioned  above,  within  which  the  sporangia  are  contained.  At 
maturity  the  lips  are  thrust  widely  apart  by  the  expanding  sporangia. 

These  are  the  more  obvious  technical  characters  by  which  the  two 
tribes  may  be  distinguished.  Without  entering  very  far  into  the 
subject  it  may  be  well  to  indicate  briefly  the  grounds  for  recognizing 
the  several  genera  constituting  these.  Recourse  will  be  had  to 
illustrations  showing  the  parts  upon  a  greatly  enlarged  scale,  which 
will  serve  far  better  tiian  description  alone  to  indicate  the  position 
of  the  sori  and  to  emphasize  distinctions  in  form  and  structure  of 
the  indusia. 

THE   TRIBE  CYATHBJB. 

The  tribe  Cyathe»  was  divided  long  ago  into  three  genera,  Cyathea, 
Alsophila,  and  Hemitelia,  mainly  upon  characters  of  the  indusium; 
and  this  conception  has  prevailed  generally  down  to  the  present  time. 
It  happens,  however,  that  within  the  limits  of  this  tribe  tiliere  is  found 
nearly  every  intermediate  stage  between  a  complete  hollow  sphere 
wholly  inclosing  the  sporangia  and  the  absence  of  any  indusium 
whatever.  Because  of  this,  the  justification  for  laying  great  wei^t, 
as  a  basis  of  generic  classification,  upon  structures  of  such  an  q^em- 
eral  and  variable  nature  has  been  seriously  challenged  by  neariy 
every  recent  writ^  upon  ferns;  and  also  because  in  many  other 
groups  of  ferns  the  indusia  are  now  looked  upon  as  really  of  such 
secondary  importance  as  dPten  to  preclude  their  use  for  more  than 
minor  taxonomic  distinctions,  though  they  may  be  very  serviceable 
in  distingtiiflhing  species  or  for  associating  them  in  minor  groups 
below  the  rank  of  a  genus.  The  proposition  again  put  forward,  of  late, 
to  merge  Cyathea,  Alsophila,  and  Hemitelia  under  a  'sin^e  generic 
name  (Cyathea)  is  thus  not  without  merit.  Yet,  considering  our 
present  incomplete  knoniedge  and  the  extent  <^  data  still  to  be 
derived  from  a  thorou^  study  of  the  group  as  a  whole,  it  seems 
desirable  to  hold  to  the  established  olassifieation  until  a  bettor  one 
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can  be  derised,  and  to  frankly  recognize  it  as  one  merely  of  con- 
▼enience.  To  the  objection  that  the  recognition  only  of  the  three 
genera  above  mentioned  is  scarcely  logical,  since  each  of  these  is 
susceptible  of  division  into  two  or  more  fairly  distinct  groups,  it  may 
be  answered  that  at  least  the  treatment  here  f  oUowed  has  the  sanction 
of  long  usage  and  on  this  account  will  incur  neither  confusion  of  old 
names  nor  the  substitution  of  new  ones.  The  species  constituting  the 
tribe  Cyathe»  may  be  grouped,  then,  under  the  three  genera  Cyathese, 
Alsophila,  and  Hemitelia. 

THE  OBNUS  OTATHSA. 

The  North  American  representatives  of  the  genus  Cyathea  fall 
readily  into  two  sections,  based  upon  characters  of  the  indusium;  in 
the  first  of  these  the  indusium  ia  cup-shaped  or  saucerlike;  in  the 
second  it  is  like  a  complete  hoUow  sphere.  Of  the  50  species  occiurring 
in  North  America  about  30  fall  under  the  latter  section. 

An  excellent  example  of  the  cup-shaped  or  hemispherical  type  of 
indusium  is  seen  in  Cyaihea  degcms,  of  Jamaica,  a  species  with  large 
tripinnatifid  fronds.  Plate  9,  figure  A  represents  the  young  sori  of 
this  species  at  a  stage  when  the  sporangia  are  just  reaching  maturity 
and  are  beginning  to  crowd  upward  and  outward,  thus  widening  into 
a  broad  mouth  the  opening  above  them  which  is  first  evident  merely  as 
an  apical  pore.  In  plate  9,  figure  B  is  shown  a  later  condition,  in 
which  the  sporangia  have  reached  maturity  and  have  mostly  dis- 
appeared. Another  example  of  similar  but  less  pronounced  form  is 
shown  in  plate  10,  figure  A,  representing  the  sori  of  Oyathea  arborea. 
In  this  the  indusium  is  saucer  shaped,  and  the  sporangia  are  seen  to 
have  been  heaped  high  above  its  low  even  margins.  In  all  species  of 
the  section  of  which  these  two  species  are  illustrative,  the  indusia  are 
firm,  have  perfectly  entire  margins,  and  almost  invariably  are  per- 
sistent long  after  the  spores  have  been  shed  and  the  sporangia  drop- 
ped. The  central  position  of  the  elevated  receptacles  may  also  be 
noted  in  the  fibres  cited,  as  well  as  details  of  venation  and  pubescence. 
The  sori  are  seen  to  be  borne  near  the  midrib  (costule)  of  the  segment, 
being  seated  at  or  just  below  the  foiklng  of  the  slender  lateral  vems. 
This  section  of  the  genus  is  known  as  Eucyathea  or  true  Cyathea, 
since  it  contains  those  species  which  in  general  form  and  structure  of 
the  indusium  agree  with  C,  arborea^  the  type  species  of  the  genus. 
Of  the  20  North  American  species  all  are  confined  to  the  West  Indies, 
6xcq>ting  only  C.  arborea^  which  occurs  sparingly  also  on  the  continent 
from  Mexico  southward. 

A  very  different  type  of  indusium  characterizes  the  second  section 
of  Cyathea,  which  having  once  been  regarded  as  generically  distinct 
88734^— SM 1911 31 
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from  Eucyathea  was  given  the  name  Eatoniopteris,  in  honor  of  the 
late  Prof.  Daniel  Cady  Eaton,  of  Yale  UniverBity.  The  numerous 
species  of  this  group  are  distinguished  by  having  the  indusium 
globose  and  whoUy  inclosing  the  sporangia,  until  at  maturity  these 
distend  the  indusium  beyond  the  bursting  point;  whereupon,  having 
no  sutures  or  definite  lines  of  cleavage,  it  ruptures  irregularly,  its 
ragged  divisions  being  thrust  outward.  A  species  having  this  type 
of  indusium  (CyaHisa  Bruneiy  of  Costa  Rica  and  Panama)  is  illus- 
trated in  plate  9,  figures  C  and  D.  The  first  of  these  shows  the  firm, 
white,  unbroken  indusia  in  a  condition  approaching  maturity,  and  the 
midribs  of  the  s^ments  still  clothed  with  dark  slender  scales.  In 
figure  D  is  shown  an  older  state  of  the  same  species,  in  which  it  wiU 
be  noticed  that  the  son  have  burst  and  appear  more  or  less  confluent, 
and  that  the  indusia,  though  irregularly  broken,  have  partially  resumed 
their  original  position.  In  this  and  several  other  species  having  thick 
or  firm  indusia  it  will  be  foimd  that  the  divisions  commonly  persist  or, 
at  least,  tend  to  disappear  only  with  age,  sometimes  spreading  apart 
hardly  more  than  enough  to  allow  the  spores  to  escape  freely,  then 
drawing  in  nearly  to  their  original  form  and  appearing  valvelike.  But 
in  many  other  species  the  indusia  are  thin  or  even  of  such  extreme 
delicacy  that  they  appear  merely  as  a  slight,  translucent  membranous 
film.  In  these  the  indusium  is  too  delicate  to  withstand  the  explo- 
sive hygroscopic  action  of  the  sporangia,  so  that  after  the  spores  have 
been  shed  there  will  be  found  only  traces  of  the  broken  indusium,  a 
few  half-detached  fragments  appearing  among  the  mass  of  confluent 
sporangia,  or  sometimes  only  a  small  basal  portion  persisting  in  the 
form  of  a  thin  flattish  scale,  which  may  be  wholly  concealed  by  the 
sporangia,  at  the  base  of  the  receptacle.  During  the  process  of  spore 
bedding,  or  it  may  be  merely  with  age,  the  scaly  covering  of  the  mid- 
ribs of  the  underside  of  the  s^ments  often  will  either  have  disap- 
peared or  have  become  so  mixed  with  broken  sporangia,  spores,  and 
fragments  of  the  indusia  as  to  be  almost  indistinguishable.  On  this 
account  it  is  essential  in  collecting  material  to  secure,  in  addition  to 
fully  mature  pinnae,  pinnsB  from  other  fronds  in  which  the  sori  are  so 
young  that  they  will  not  burst  in  drying  but  will  retain  their  original 
form.  The  very  general  failure  of  collectors  to  observe  this  precau- 
tion is  responsible  for  much  of  the  confusion  which  will  always  result 
from  the  study  of  carelessly  selected  and  imperfectly  prepared  her- 
barium material  in  so  critical  a  group. 

Of  the  section  Eucyathea,  some  of  the  more  interesting  speciea  are: 
Oyaihea  Nochii,  already  briefly  described  (pi.  8) ;  C.  Brooksii,  a  Cuban 
species  with  a  short,  horizontal,  mostly  subterranean  rhizome  and 
several  long-stalkod  bipinnate  fronds  about  4  feet  high;  C.  minct 
and  C.  pubescens,  the  former  with  a  very  slender,  clean  trunk,  the 
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latter  with  a  huge  thick  trunk  that  is  utteiiy  disproportionate  to  the 
crown  of  narrow,  lanceolate,  bipinnate  fronds;  C.  arhorea,  previously 
mentioned  and  figured  (pis.  2  and  3;  pi.  10,  fig.  A) ;  C.  degans  (pi.  9, 
figs.  A  and  B) ;  C.  TtLSsadi,  a  Jamaican  species  with  coarse,  tripin- 
nate  fronds,  everywhere  shaggy  with  slender  tawny  or  grayish  scales; 
C.  nigrescens  and  C.  araneosa,  very  much  alike  in  their  haish,  exceed- 
ingly coriaceous,  tripinnate  blades  and  densely  spiny  trunks  and 
stipes;  and  C.  porioricen^is,  a  species  with  dark,  lustrous,  purplish- 
brown  vascular  parts  and  large,  nearly  tripinnate  blades.  The  last 
species  is  apparently  unique  in  having  the  outer  surface  of  the 
deeply  cup  shaped  indusia  rather  densely  clothed  with  simple  yel- 
lowish hairs. 

Only  a  few  species  of  the  section  Eatoniopteris  may  be  mentioned. 
Perhaps  the  most  interesting  are  C.  Brunei  and  C.  aureonitens, 
already  referred  to  in  the  preceding  pages.  The  Costa  Rican  forms, 
C.  WerJcleana,  C.  hemiotis  and  C.  Tidstulata,  constitute  a  natural  group 
in  having  the  ultimate  segments  of  the  tripinnate  fronds  constricted 
at  the  base,  or  even  sessile.  Three  other  species,  C^  TuercJcheimii, 
C.  grcicUis,  and  C.  divergens  are  unusual  in  having  the  larger  pinnules 
(divisions  of  the  primary  pinnae)  mostly  long-stalked.  Cyathea 
insignia  and  0.  prineeps  have  the  primary  and  secondary  rachises 
unarmed  as  to  spines,  but  yet  conspicuously  rough  from  the  presence 
of  the  broken-ofiP  bases  of  the  slender  spiny-margined  scales  which 
at  first  thickly  invest  them.  At  least  one  species,  C.  pateUaria,  has  both 
veins  and  leaf  tissue  glabrous,  while  its  nearest  ally,  C.  mexicana, 
has  the  similar  parts  very  minutely  but  distinctly  glandular-setulose, 
and  in  addition  many  of  the  veins  simple,  an  imusual  feature  in  this 
genus. 

As  to  the  characters  which  distinguish  the  species,  it  may  again 
be  mentioned  that  although  minute  they  are  usually  constant,  if  due 
allowance  be  made  always  for  minor  variations  which  may  be  corre- 
lated mostly  with  known  differences  of  habitat,  altitude,  and  geo- 
graphic position;  and  that  if  a  sufficient  amount  of  well-prepared 
material  be  brought  together  the  recognition  of  the  species  will  not 
prove  especially  difficult.  Indeed,  the  most  surprising  feature  of  all 
is  that  species  so  similar  in  details  of  leaf  form  have  been  able  to 
develop  such  marked  diversity  in  the  general  form,  structure,  and 
disposition  of  minute  scales  and  hairs  and  that  these  differences  are 
so  nearly  constant.  An  attempt  has  recently  been  made  to  give  to 
these  structures  some  part  of  the  weight  in  classification  to  which 
they  appear  to  be  entitled.  To  this  treatment  *  the  reader  is  referred 
for  full  descriptions  of  the  North  American  species  of  this  interesting 
genus. 

I  Nortti  American  Flora,  voL  10,  part  1,  pp.  66-«8, 1909. 
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In  the  section  Eucyathea  of  the  genus  Cyathea  the  induaium  has 
been  shown  to  be  inferior  in  attachment  and  to  partially  envelop 
the  base  of  the  sorus  upon  all  sides  within  its  cup-like  walls.    The 
indusiiun  of  Hemitelia  is  not  unlike  an  indusium  of  this  sort  cut 
vertically  in  half;  that  is,  it  is  deeply  concave  or  hood-shaped  when 
young,  and  from  its  point  of  attachment  at  the  base  of  the  receptacle 
bulges  outward,  surrounding  the  sporangia  of  at  least  one-half  of  the 
sorus  upon  one  side.    When  the  sporangia  expand  at  maturity  the 
indusiiun  is  borne  back  against  the  leaf  surface  and  forced  to  aasmne 
a  flattish,  semicircular  form.    In  so  doing  it  usually  splits  part  way 
to  the  base  into  several  irregular  spreading  lobes.    These  are  com- 
monly short  and  roimded,  two  to  four  in  number,  and  slightly  con- 
cave; but  in  a  very  few  species  (for  example,  Hemitdia  muri4XLta  of 
the  Lesser  Antilles)  the  indusium  becomes  sharply  cleft  into  several 
elongated,  acute  segments,  which  stand  out  obliquely  from  the  leaf 
surface,  mixed  among  the  sporangia,   and  are  not   very   readily 
observed,  more  especially  since  they  are  deciduous.     Nearly  all 
species  of  the  genus,  however,  have  indusia  of  the  former  sort;  and 
this  without  regard  to  diflferences  of  leaf  form.    The  receptacles  are 
similar  to  those  of  Cyathea. 

Hemitelia  is  generally  accepted  at  present  as  consisting  of  two 
sections,  Euhemitelia  and  Cnemidaria,  distinguished  by  differences 
in  habit,  leaf  cutting,  and  venation.  The  first  section,  typified  by 
Hemiidia  muUiflara,  embraces  mainly  plants  with  upright  trunks 
and  large  tripinnatifid  fronds,  similar  in  form  to  those  of  most  species 
of  Cyathea,  the  segments  or  ultimate  divisions  being  relatively 
small.  Also  in  free  venation,  scales,  and  minute  characters  other 
than  those  of  the  indusia,  the  half  dozen  or  more  North  American 
species  of  Euhemitelia  are  precisely  like  those  of  Cyathea.  The 
usual  form  of  the  indusia  is  shown  in  plate  10,  figure  B,  representing 

E.  mvltijlara.  .       ^      -j    . 

Of  far  greater  interest  is  the  section  Cnemidana,  composed  of 
plants  which  are  rarely  arborescent  and  whose  leaty  fronds  are  oi 
very  simple  form.  The  typical  and  best  known  species  of  this  group 
is  Hemitdia  horrida,  which  is  nearly  confined  to  the  Greater  Antilles. 
An  imusually  well-developed  plant  of  this  is  shown  in  plate  11, 
affording  an  excellent  idea  of  the  broad  and  relatively  large  divisions 
of  the  deeply  bipinnatifid,  nearly  bipmnate  fronds.  Other  species 
have  smaller  and  simply  pinnate  leaves,  with  the  margins  of  the 
pinn»  entire,  undulate,  crenate,  or  marked  by  regular  rounded  or 
angular  lobes;  and  a  few  are  even  larger  than  H.  horrida,  with  tho 
mai^ns  similarly  variable  in  form.  In  some  species  the  lobes  are 
sharply  acute;  in  others  regularly  rounded.    There  are  marked  dif- 
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ferences  in  venation,  too,  certain  species  having  the  veins  and  vein- 
lets  entirely  free,  others  having  the  midveins  of  the  segments  regularly 
united  near  their  base  by  a  short  transverse  veinlet;  differences 
which  have  been  largely  overlooked  in  recent  years,  but  which, 
especially  in  connection  with  the  position  of  the  sori,  are  of  primary 
importance  in  the  recognition  of  tiie  species.  Only  a  few  species,  of 
which  H.  Tiorrida  is  one,  have  the  stipes  noticeably  spiny.  The 
scales  of  the  rhizome  and  stipe  also  are  unusual  in  their  broadly  oval 
to  ovate  form,  blunt  (or  at  least  never  long-attenuate)  tips,  and 
usually  thin  lax  texture;  and  many  of  the  species  are  nearly  or  quite 
devoid  of  any  scales  upon  the  under  surface  of  the  segments,  probably 
because  these  are  not  needed  as  a  protective  covering.  Indeed,  in 
many  respects  this  group,  which  is  wholly  tropical  American,  is  one 
of  unusual  interest,  although  the  recognition  of  the  20  North  American 
species  is  by  no  means  easy,  largely  because  of  their  complicated 
taxonomic  history.  A  somewhat  detailed  descriptive  account  of^ 
these  has  recently  been  published.^ 

The  lateral  position  and  hoodlike  form  of  the  indusium  common  to 
the  species  of  this  section  is  shown  in  plate  12,  which  represents  part 
of  a  segment  of  H.  horrida  at  eight  times  natural  size.  The  lax  cob- 
webby covering  of  the  veinlets  here  noticed  may  be  observed  in 
several  other  species  in  their  young  state;  with  age  it  disappears. 

THX  OBNUS  ALSOFHn.A. 

As  Hemitelia  differs  from  Eucyathea  in  having  but  ''half  an 
indusium,''  so  Alsophila  departs  still  further  in  having  no  indusium 
whatever,  or  in  a  few  species  only  a  rudimentary  or  vestigial  one, 
lying  as  a  minute  thin  scale  at  the  base  of  the  receptacle,  beneath 
the  sporangia  and  concealed  by  them.  Taking  the  place  of  indusia 
as  a  protective  feature,  however,  there  is  noticed  an  increased  develop- 
ment of  paraphyses,  variously  shaped  and  colored,  elongate,  simple 
hairs,  mixed  among  the  sporangia  and  often  exceeding  them.  Similar 
hairs  are  present  in  Cyathea  and  Hemitelia,  but  are  mostly  shorter  and 
not  very  obvious. 

The  North  American  species  of  Alsophila,  about  30  in  niunber,  are 
divided  among  the  sections  Eualsophila,  Trichipteris,  Lophosoria, 
and  Amphidesmium  (Metaxya).  Eualsophila  contains  mostly  arbo- 
rescent species  similar  to  Cyathea  in  everything  save  sori;  the  others 
are  represented  within  our  area  by  a  single  species  each.  Of  Eual- 
sophila may  be  mentioned  the  following  more  interesting  or  better- 
known  species:  AUophUa  aaperaf  a  common  West  Indian  species, 
two  pinnae  of  which  are  shown  in  plate  7;  A.  dongata,  a  species  rang- 
ing from  Costa  Rica  to  the  Andes  of  South  America,  well  marked 
by  its  huge,  broad,  nearly  tripinnate  fronds,  its  stiff,  yellowish  pin- 

1  Coatrtbatknia  from  the  U.  8.  Natloiua  Hertariom,  voL  16,  part  2,  pp.  25-^,  pis.  lS-34, 1012. 
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nules  all  drawn  out  to  long,  slender,  neaiiy  linear  points,  thos 
suggesting  the  species  name;  A.  tnicrodonia,  a  loidand  species 
already  mentioned,  easily  distinguished  by  the  remarkably  large, 
strong,  narrowly  conical  spines  which  occur  at  irregular  internals 
the  whole  length  of  its  stipe  and  primary  rachis;  A.  gtipularis,  a 
plant  of  the  mountains  of  Costa  Rica  and  western  Panama,  with  a 
trunk  30  to  40  feet  hi^  and  enormous  q>reading,  nearly  triphmate 
fronds  which  show  the  rery  interesting  adaptation  of  lumng  the 
primary  pinno  (particularly  in  the  basal  part  of  the  blade)  directed 
backward  from  their  insertion  upon  the  rachis  at  an  acute  angle; 
A.  armaUij  which,  with  several  related  species,  has  the  stipes  and 
rachises  densely  soft-haiiy;  A.  myoturaides,  previously  mentioned, 
with  very  minute,  thickly  set  spines  closely  associated  with  an 
abundant  covering  of  glossy  brown,  slender  scales  at  the  base  of  the 
stipe,  and  the  pinnules  of  the  deeply  tripinnatifid  fronds  ending  in 
narrow  greatly  elongate  tips,  '^mouae-taillike,"  as  the  specific  name 
implies;  A.  Schiedeana,  a  much  more  leafy  plant  of  Mexico  and 
Guatemala,  with  broader  and  larger  rounded  segments;  and  A, 
Salvinii  of  Chiapas  and  Guatemala,  a  species  with  leaf  blades  fully 
tripixmate,  the  elongate,  crenate,  leathery  segments  sessile  or  short 
stalked,  die  rachises  firm  and  woody  and  of  a  polished,  daik 
purplish-brown  color.  The  naked  (nonindusiate)  sorus  of  this 
group  is  indicated  in  plate  10,  figure  C,  representing  a  portion  of  a 
very  young  pinnule  of  A,  myosuroideSy  in  which  the  sporangia  are 
all  in  place.  In  figure  D,  of  the  same  plate,  is  shown  a  similar  por- 
tion of  A.  Schiedeana  at  a  later  stage,  in  which  the  sporang^  are 
nearly  all  fallen  away  from  the  roimdish  elevated  receptacle. 

The  section  Lophosoria  contains  a  single  species,  AUophUa  quadr 
ripirmataf  which  offers  several  peculiar  structural  characters,  podsibly 
warranting  its  separation  as  a  distinct  generic  type;  the  trunk  and 
fronds  have  already  been  described. 

The  section  Amphidesmium  likewise  contains  a  solitary  species, 
AhophUa  blechnoideSy  which  is  unique  among  American  tree  ferns  in 
the  production  of  more  than  one  sorus  upon  the  veinlets  of  its  large 
simply  pinnate  fronds.  A  partial  section  of  one  of  the  long  slender 
pinnse  of  this  species  is  shown  in  plate  13,  figure  A.  Both  this  and 
the  preceding  species  are  peculiar  in  the  silky  hairiike  scales  of  the 
rhizome  and  stipe,  their  form  and  structure  being  that  of  the  tribe 
Dicksoniese  and  very  different  from  the  usual  flat  scales  of  the 
CyathesB.  The  fourth  section,  Trichipteris,  which  is  essentially  a 
group  of  fully  bipinnate  South  American  species,  with  sessile  or 
stalked  pinnules  and  sori  borne  in  a  dense  row,  is  represented  in 
North  America  by  a  single  species,  AlsopTiUa  mcargindHs,  first  described 
from  British  Guiana  but  gathered  once  since  in  Mexico.  The  scales 
in  this  section  are  like  those  of  Eualsophila. 
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THE  TRIBE  DICKSONIRS. 

Differences  in  habit  and  size  of  the  plants  and  in  the  general  shape 
and  dissection  of  the  leaves  offer  more  obvious  marks  for  the  recog- 
nition of  the  three  genera  of  Dicksonie»  than  do  the  indusia,  which 
are  alike  in  position  and  of  very  similar  structm^.  Thns^  the  several 
species  of  Culcita  are  small  plants,  none  of  them  ever  treelike,  having 
short  rootstocks  only  a  few  inches  high  and  a  spreading  crown  of 
broad,  skeletonlike,  greatly  dissected  leaves  rarely  more  than  3  or  4  feet 
high,  including  the  stipe;  while  Cibotium  and  Dicksonia  are  mostly 
if  not  altogether  arborescent,  plants  at  least  of  huge  growth.  In  dis- 
tinguishing the  latter  genera  it  will  be  noted  that  the  blades  of  Dick- 
sonia are  elongate  and  either  lanceolate  or  oUanceolate  in  outline, 
and  that  those  of  Cibotium  are  very  much  more  ample  and  broadly 
ovate  or  even  triangular.  Coupled  with  these  differences,  however, 
are  characters  afforded  by  the  sbri,  which,  when  once  made  out,  are 
immistakable.  The  position  of  the  son  and  the  general  structure  of 
the  double  indusimn  has  already  been  touched  upon;  the  generic 
distinctions  follow. 

THB  GBKUS  DIOTSONIA. 

In  Dicksonia  the  outer  concave  lip  of  the  indusium  consists  of  the 
greenish  leaf  tissue  of  a  small  marginal  lobule  of  the  leaf  s^ment 
which  is  slightly  if  at  all  modified  by  its  function  as  a  partial  covering 
for  the  sporangia.  The  shape  but  not  the  texture  of  this  outer  lip  is 
shown  in  plate  13,  figure  B,  representing  Dicksonia  navarrensis,  of 
Costa  Rica  and  Panama.  The  inner  lip,  or  true  indusium,  is  seen  to 
be  of  similar  form,  almost  hemispherical,  its  hollow. inner  or  under 
surface  embracing  the  sporangia  upon  the  side  opposite  to  the  outer 
lobe.  It  is  yellowish  and  rigidly  cartilaginous,  thus  conspicuously 
different  in  texture  from  the  outer  lip,  and  is  attached  along  the  base 
of  the  receptacle,  upon  which  the  sporangia  are  borne. 

But  one  other  species  of  Dicksonia  has  been  described  from  North 
America,  the  closely  related  D.  Jobvlata  of  Costa  Rica.  This  and  the 
other  members  of  the  genus  have  like  indusia.  A  section  of  a  primary 
pinna  ot  D.  navarrenais  is  shown  in  plate  14  at  natural  size.  The  leaf 
tissue  is  rigidly  coriaceous  and  of  a  yellowish  green  color.  The  trunks 
of  this  species,  as  I  have  seen  them,  are  about  9  to  12  feet  high  and 
always  roughly  clothed  with  the  very  stout  smooth  bases  of  old 
fronds,  a  feature  which  seems  to  be  characteristic  of  the  genus  as  a 
whole. 

TEtB   OBNUS  OULGITA. 

Although  the  indusia  of  Culcita  are  very  similar  to  those  of  Dick- 
sonia, the  plants  are  so  different  in  habit,  in  their  smaller  size,  and  in 
the  nondevelopment  of  an  upright  trunk,  and  bear  quadripinnate 
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leaf  blades  of  such  distinctiye  f onn  and  catting,  that  their  recogni- 
tion as  agenns  seems  justified.  There  are  about  half  a  dozen  species, 
mostly  of  the  South  Sea  Islands  and  Malaja,  one,  howoTer,  occurring 
in  the  Azores,  Madeira,  andTeneriffe,  and  another  (OiddtaeofrnfclUa) 
inhabiting  the  high  mountain  forests  of  Jamaica  and  Santo  Doiningo, 
and  extending  on  the  continent  from  Mezioo  to  Elcuador  and  BrazU. 
A  pinnule  (tertiaiy  division)  of  the  last  is  shown  in  plate  12,  figure  C. 

THE  OBNU8  CIBOnUM. 

The  most  highly  differentiated  indusium  structure  of  any  of  the 
Dicksoniee  is  exhibited  in  Cibotium;  for  in  this  genus  the  outer  lip, 
like  the  inner,  is  manifestly  cartilaginous,  and  the  two  Talyes  fit 
together  like  a  box  and  its  lid,  offering  complete  protection  to  the 
q[K>rangia  until  maturity.  Plate  12,  figure  D,  represents  at  four  times 
natural  size  a  section  of  a  pinnule  of  OiboHum  Schiedei,  of  Mexico  and 
Guatemala,  in  which  may  be  noticed  both  closed  and  open  indusia; 
as  also  in  plate  15,  which  shows  part  of  a  primary  pinna  of  ihe  same 
species,  at  natural  size.  Three  other  ^ecies,  all  with  deeply  tiipin- 
natifid  or  tripinnate  leaves  of  similar  form  are  known  from  Mexico 
and  Guatemala.  In  these,  as  in  most  foreign  members  of  the  genus, 
the  double  indusia  after  maturity  are  bent  back  in  a  dose  row  upon 
the  leaf  tissue  of  the  underside  of  the  segments,  their  position  (L  e., 
whether  oblique  or  paralld  to  the  midvein  of  the  segment)  at  this 
stage  varying  according  to  the  species.  Their  shape  also  is  diag- 
nostic, some  of  them  having  the  valves  sprung  widely  apart,  like  gaping 
jaws.  In  all  but  two  or  three  of  the  species,  both  American  and  for- 
eign, the  under  surfaces  of  the  blades  are  whitish  or  even  bluish 
pruinoee,  from  a  dense  covering  of  very  minute  and  doeely  set 
whitish  papilke  which  are  of  a  waxy  nature.  Not  a  few  species  of 
the  tribe  Qyatheao  also  have  a  similar  development,  whose  function 
must  be  to  guard  against  excessive  transpiration. 

Cibotium  has  never  been  collected  in  South  America,  and  is  cer- 
tainly not  common  in  the  North  American  Tropics,  judging  from  the 
small  amount  of  material  collected.  We  have  also  only  scant  and 
and  conflicting  data  as  to  habit,  from  which  it  appears  doubtful  if 
the  four  American  species  normally  attain  a  pronounced  arborescent 
form,  similar  to  that  of  the  Hawaiian  species,  for  example.  A  brief 
critical  account  of  these,  with  notes  on  their. rather  involved  taxo- 
nomic  lustory  and  with  illustrations  of  each,  has  recently  appeared.^ 

DIFFICULTIES  OF  STUDY. 

From  the  foregoing  it  will  be  evident  that  tree  ferns  are  more  than 
ordinarily  diflSicult  of  study  on  account  of  their  enormous  size.  Even 
for  the  most  commonplace  data  as  to  dimensions  of  trunk  and  shape 

iOontiflmtl(nittr(mitlMn.8.N«tloiiAlH«t»rtam,^ia^^  19tt. 
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and  size  of  leaves,  fern  students  up  to  a  comparatively  recent  time  have 
been  dependent  mainly  upon  the  chance  and  often  inexact  observa- 
tions of  collectorsi  who  as  a  rule  have  not  been  well  acquainted  with 
the  groupi  and  upon  the  characters  offered  by  conservatory  specimens. 
As  has  been  pointed  out,  excellent  distinguishing  characters  are 
afforded  by  the  trunk  and  by  the  vascular  parts  of  the  frond,  especially 
by  the  stipe  bases,  which  are  mostty  armed  with  spines  of  (Cerent 
kinds  for  different  species  and  clothed  with  equally  characteristic 
scales.  Yet  [these  are  the  very  parts  usually  omitted  from  collections, 
which  are  Ukely  to  consist  only  of  a  small  section  of  the  blade,  often  a 
single  pinna.  To  know  from  such  scant  material  the  real  characters 
of  plants  with  stems  10  to  50  feet  high  and  leaves  5  to  16  feet  long  is 
obviously  impossible;  and  many  have  been  the  complaints  of  fern 
writers  £rom  Sir  William  Hooker's  time  almost  to  the  present  upon  the 
inadequateness  of  herbarium  specimens.  Within  the  past  two  or 
three  decades,  however,  and  with  the  development  of  more  convenient 
and  ready  means  of  travel,  the  practice  of  sending  investigators  to  col- 
lect material  of  their  own  special  groups  has  become  general.  Very 
full  and  valuable  data  are  being  obtained  in  this  way,  in  marked  con- 
trast to  the  incomplete  and  piecemeal  information  conveyed  imder  the 
old  method;  and  it  has  been  found  feasible  to  collect  and  dry  charac- 
teristic sections  of  the  trunk  of  most  species,  in  addition  to  the  stipes 
and  the  lower,  middle  and  upper  pinnae  of  the  fronds.  It  is  upon  the 
basis  of  carefully  selected  and  complete  herbarium  material  of  this 
sort,  supplemented  by  photographs  and  by  exact  field  data  as  to  size, 
form,  structure,  and  color  of  the  various  parts,  that  an  adequate  knowl- 
edge of  tree  ferns  will  finally  be  built  up. 


EXPLANATION  OF  PLATES. 

Plate  1. 

Qioup  oi  tree  ferns  (Cyathea  pnneept)^  near  Sepacuit^,  Alta  Verapaz,  Guatemala. 
Photographed  by  Mr.  G.  N.  CoUinfl,  April  16, 1904. 

PULTK  2. 

View  from  the  Adjuntas  Boad,  Porto  Rico,  showing  plants  of  Cyathea  arbarea.  Photo- 
graphed by  Mr.  G.  N.  Collins,  July  11, 1901. 

Plate  3. 

Two  fonns  of  trunk  of  Cyathea  arborea  (see  p.  472),  collected  in  the  valley  of  the  Rio 
Bayamita,  southern  slopes  of  the  Sierra  Maestra,  eastern  Cuba,  altitude 
2,000 to 8,500 feet,  April,  1907;  fig.  a,  Maxan  3909;  fig.  &,  Maxon  3906.  Both 
one-half  natural  dze. 

Plate  4. 

Coffee  warehouse  at  Sepacuit^,  Guatemala;  excepting  the  five  heavy  supporting  tim- 
bers the  upright  sides  are  entirely  of  tree  fern  trunks.  Photographed  by 
Mr.  G.  N.  Collins. 
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Plats  5« 

Stipe  bases  of  three  epecies  of  Cyathea,  showing  different  kinds  of  spinee  and  scales. 
Pig.  A,  C.  arborea,  valley  of  the  Rio  Bayamita,  Cuba,  Maxon  3909;  fig.  B,  C 
(musta,  vicinity  of  Coliblanco,  Costa  Kica,  altitude  6,500  feet,  May  1, 1906, 
MwDon  318;  fig.  C,  C.  aw§omUn9,  forest  akng  tiie  app«r  Caldera  River, 
western  Chiriqni,  Ptuaama,  altitude  about  4,800  feet,  March  24, 1911,  Manm 
5575.    All  natural  size. 

Plate  6. 

Young  unrolling  frond^  of  Cyaihea  arbarea.  Photographed  at  Caguas,  Porto  Kico, 
June  20,  1901,  by  Mr.  G.  N.  Collins.    Natural  size. 

Plate  7. 

Two  pinn»  of  AltophUa  osperQ,  from  the  vicinity  of  Mansfield,  near  Bath,  Jamiaca, 
altitude  900  to  1,200  feet,  June  2,  1904,  Maxon  2405.  Two-fifths  natural 
size. 

Plate  8. 

A  nearly  complete  plant  of  the  smallest  North  American  tree  fern,  CycUhea  JVbdbtt,  from 
the  vicinity  of  Vinegar  Hill,  Jamaica,  altitude  3,600  feet,  June  23,  1904, 
Max&n  2791.    About  two-fifths  natural  size. 

Plate  9. 

Fio.  A.  Cup-shaped  indusia  of  Cyathea  elegant  in  a  very  young  condition.    Sx)ecimen 
from  the  Blue  Mountains,  Jamaica,  Bari  175. 
B.  A  later  stage  of  the  same  species,  the  indusia  empty  of  sporangia  and  partially 
collapsed.    Specimen  fr(Hn  HoUymount,  Jamaica,  altitude  2,500  fe^,  May 
8,  1903,  Maxon  1945. 
C  and  D.  Entire  and  ruptured  globular  indusia,  respectively,  of  Cyathea  Brwmei. 
Specimen  from  Coliblanco,  Costa  Rica,  altitude  6,500  feet.  May  1,  1906,* 
iftLTon  332. 

Plate  10. 

Fia.  A.  Mature  sori  and  shallow  saucerlike  indusia  of  Cyaihea  arborea.  Specimen 
from  valley  of  the  Rio  Bayamita,  eastern  Cuba,  Maxon  3909. 

B.  Sori  of  Hemitelia  mulH^oraf  showing  the  semicircular  reAexed,  scalelike 

indusia.    Specimen  from  Port  Livingston,  Guatemala,  at  sea  level,  Feb- 
ruary 18, 1905,  Deam  483. 

C.  Young  sori  of  AUophila  myontroideSy  with  sporangia  all  in  place,  an  indusium 

wanting.    Specimen  from  mountains  near  El  Guama,  Province  of  Pinar 
del  Rio,  Cuba,  March  9, 1900,  Pahner  <k  Riley  198. 

D.  Old  sori  of  AUophila  Sckiedeana,  showing  the  neaily  bare  receptacles,  the 

sporangia  having  fallen.    Specimen  from  vicinity  of  Cacao    (between 
Panzos  and  Senahti),  Alta  Verapaz,  Guatemala,  April  23, 1906,  Barber  164. 
All  at  four  times  natural  size. 

Plate  11. 

A  plant  of  HemiteHa  horrida  in  cultivation  at  the  New  York  Botanical  Garden.  Speci- 
men from  DoUwood,  near  Silver  Hill  Gap,  Jamaica,  altitude  3,000  feet,  1909. 
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Plate -12. 

Segment  of  HemiUlia  horrukt,  showing  the  ample,  hood-ehaped,  laterally  attached 
induda  which  protect  the  young  sporangia.  Specimen  from  the  upper 
slopes  of  the  Gran  Piedra,  eastern  Cuba,  altitude  about  8,000  feet,  April 
14, 1907,  Maxon  4034.    Eight  times  natural  size. 

Plate  13. 

FiQ.  A.  AUophila  ble<Anoide8f  the  only  American  tree  fern  having  more  than  one 
soruB  upon  a  veinlet.  Specimen  from  hilly  forest  above  Las  Cascadas, 
Canal  Zone,  Panama,  altitude  about  500  feet,  February  19,  1911,  Maxon 
4887. 

B.  Sori  and  indusia  of  Dicksonia  navarrenais.    Specimen  from  mountains  5  miles 

south  of  Cartage,  Costa  Rica,  altitude  5,500  feet.  May  12, 1906,  Maxon  513. 

C.  Sori  and  indusia  of  Culcita  ooniifolia.    Specimen  from  humid  forested  slopes 

near  Cerro  de  la  Horqueta,  western  Chiriqui,  Panama,  altitude  6,500  feet, 
March  18,  1911,  Max<m  5459. 

D.  Sori  and  indusia  of  CSJbotium  Schiedei.    Specimen  from  Zacuapan,  Vera 

Cruz,  Mexico,  November,  1908,  Pwrpu»  1976a. 
All  at  four  times  natmxil  size. 

Plate  14. 

Section  of  a  pinn®  of  Dicksonia  navarrentis  at  natural  size.  Specimen  from  mountains 
5  miles  south  of  Cartage,  Costa  Rica,  altitude  6,500  feet.  May  12,  1906, 
Maxon  513. 

Plate  15. 

Section  of  a  pinna  of  Cihoiium  Schiedei  at  natural  size.  Specimen  from  Zacuapan, 
Vera  Cruz,  Mexico,  November,  1908,  Purjms  1976a. 
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Smithsonian  Report,  191 1. — Maxon. 


Plate  2. 


Cyathea  arborea  in  Porto  Rico. 
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Smithsonian  Report.  1911.— Maxon. 


Plate  3. 


Trunks  of  Cyathea  arborea. 

(One-hulf  natural  size.) 
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Snnithsonian  Report,  1911. — M«xon. 


Plate  5. 


Stipe  Bases  of  Cyathea. 

(Natural  size.) 
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Smithsonian  Report,  1911. — Maxon. 


Plate  6. 


Unrolunq  Frond  of  Cyathea  arborea. 

(Natural  size.) 
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Smithsonian  Report,  1911. — Maxon, 


Plate  7. 


Pinnae  of  Alsophila  aspera. 
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Smithsonian  Report,  1911. — Maxon. 


Plate  8. 


Cyathea  Nockii. 
(About  two-fifths  natural  size.] 
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Hemitelia  horrida. 


Digitized  by  CjOOQIC 


Smithsonian  Report,  1911 . — Maxon. 


Plate  12. 


INDUSIA  OF  HEMITELIA  HORRIDA  (X  8). 
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Plate  13. 


A.     ALSOPHILA  BLECHNOIDC8  (  X  4). 


B.     DiCKSONIA  NAVARRENSIS  (X  4). 


C.     CULCITA  CONIIFOLIA  (X  4). 


D.     ClBOTIUM  SCHIEDEI  (X  4). 
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Plate  14. 


DiCKSONIA     NAVARRENSIS. 
(Natural  size.) 
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Plate  15- 


ClBOTIUM  SCHIEDEI. 
(Natural  size.) 
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THE  VALUE  OF  ANCIENT  MEXICAN  MANUSCRIPTS  IN 
THE  STUDY  OF  THE  GENERAL  DEVELOPMENT  OF 
WRITING.* 

[With  5  plates.] 


By  Alfbed  M.  Tozzer. 
Saarvard  University,  Cambridge^  Mass, 


The  successive  stages  through  which  writing  has  passed  have  been 
fairly  generally  accepted  and  I  do  not  intend  at  this  time  to  add  any- 
thing new  in  regard  to  this  development  of  writing.^  Illustrative 
examples  have  usually  been  drawn  from  various  sources  in  point  of 
time  and  place.  It  is  possible,  however,  to  find  in  the  Mexican 
manuscripts  iUustratiohs  of  all  the  steps  in  the  early  history  of 
writing." 

Mexico  is  the  only  part  of  the  new  worid  where  there  are  any 
appreciable  data  on  the  prehistoric  life  of  a  people  outside  of  the 
monimients  and  objects  foimd  in  connection  with  them.  In  Mexico 
and  Central  America  we  approach  even  if  we  do  not,  by  any  means, 
reach  that  f  ortimate  situation  in  the  old  worid  where  the  documentary 
evidence  of  an  ancient  culture,  a  literature,  is  present  as  an  important 
aid  in  the  study  of  the  life  of  a  people. 

The  manuscripts  of  Mexico  and  Central  America  have,  for  the  most 
part,  been  neglected  by  all  except  the  specialists  in  this  field.  These 
docimients  furnish  important  examples  of  primitive  ideas  of  art  and 
illustration  together  with  minute  details  of  ethnological  interest. 

The  Mexican  manuscripts  may  be  divided  into  two  obvious  classes, 
those  written  before  the  advent  of  the  Spaniards  at  the  beginning  of 
the  sixteenth  century  and  those  written  during  the  early  days  of  the 
Spanish  occupation.  Another  classification  might  be  based  on  the 
distinct  localities  where  the  manuscripts  are  supposed  to  have  been 
written  and  the  nationality  of  their  authors.    The  codices  of  the 

1  Reprinted  by  penniaslon  from  the  prooeedizi0i  of  the  American  Antiquarian  Society  for  April,  1911, 
Worcester,  Mass.,  published  by  the  society. 

t  For  a  short  account  of  the  development  of  writing  see  Clodd,  1907. 

t  A  portion  of  this  paper  was  presented  at  the  Toronto  meeting  of  the  ArchsBological  Institute  of  America, 
Dec  2S-31, 1908.  A  brief  abstract  is  published  in  the  American  Journal  of  Areh»ology  (second  series) ,  vol. 
13,pp.  owe,  1909. 
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Nahuas  or  Aztecs  of  the  plateau  of  Mexico  are  to  be  distinguished  from 
those  of  the  Nahuas  of  the  tierra  caliente  region  and  these  in  turn 
from  those  of  the  Zapotecs  in  the  State  of  Oaxaca,  and  these,  again, 
from  the  manuscripts  of  the  Mayas  of  Yucatan,  southern  Mexico,  and 
Guatemala.  The  many  minor  differences  do  not  prevent  one  from 
seeing  a  great  similarity  both  in  subject-matter  and  treatment  run- 
ning through  them  all.  The  calendar,  together  with  other  features 
of  the  life  of  the  different  peoples  of  Mexico  and  Central  America, 
shows  a  common  origin  and,  to  a  certain  point  at  least,  a  parallel 
development. 

The  number  of  manuscripts  is  limited.  The  Maya  documents  form 
the  smallest  class  with  three.  There  are  more  than  a  score  of  avail- 
able codices  from  the  Mixtec-Zapotec  region,  a  great  part  of  which 
show  a  strong  Nahua  influence,  and  about  half  as  many  from  the 
Nahuas  proper,  in  addition  to  a  large  niunber  of  single  maps  and  other 
manuscript  material  from  Mexico.* 

The  Spanish  priests  in  their  attempts  to  Christianize  the  natives 
aimed  especially  to  destroy  all  that  pertained  to  the  ancient  teaching. 
Accoimts  tell  of  the  large  nmnber  of  manuscripts  burned,  and  all 
owing  to  the  misdirected  zeal  of  these  Spanish  missionaries.  The 
greater  part  of  the  documents  still  in  existence  are  in  European 
libraries,  although  a  few  still  remain  in  public  or  private  collections 
in  Mexico. 

The  manuscripts  are  usually  written  either  on  long  strips  of  deer- 
skin, fastened  together  end  to  end,  or  on  strips  of  paper  made  of  bark 
or  of  maguey  fiber.  The  whole  strip  is,  in  most  cases,  folded  up  like  a 
screen.  The  two  sides  of  the  sheet  are  often  covered  with  a  thin  layer 
of  fine  plaster,  on  which  the  characters  are  painted.  Those  dating 
from  post-Columbian  times  are  often  written  on  European  paper. 

The  greater  part  of  these  early  manuscripts  have  been  published. 
Lord  Kingsborough  in  the  first  quarter  of  the  last  centuiy  was  the 
first  to  recognize  the  importance  of  reproducing  the  codices  for 
study.  The  Due  de  Loubat  has  been  instrumental  in  bringing  out 
in  exact  facsimile  several  of  the  most  important  ones.  There  is 
therefore  a  considerable  amoxmt  of  available  material  for  a  study  of 
the  writing  of  Mexico  and  Central  America. 

Both  the  pre-Columbian  and  the  post-Colimibian  manuscripts  con- 
tain records  of  an  historical  nature,  accoimts  of  migrations,  the  suo- 
cession  of  rulers,  campaigns,  and  lists  of  tribute.  Different  phases  of 
the  ancient  religion  and  the  calendar  are  also  shown,  the  secular  and 
the  sacred  calendar,  astronomical  calculations,  the  methods  of 
divination  of  the  lucky  and  unlucky  days,  and  the  religious  cere- 
monials. 

I  For  the  names  of  the  most  Important  codioes  from  Mexico  and  Central  Amerka,  we  SaTfUe  (1901X 
li^leal  (1908),  and  Lehmann  (1906). 


Digitized  by  CjOOQIC 


VALUE  OF  ANCIENT  MEXICAN  MANUSCMPTS — TOZZBB.        495 

It  is  not,  however,  the  ideas  expressed  in  these  documents  but  the 
methods  used  in  expressing  them,  not  what  is  written,  but  bow  it  is 
written,  not  the  content,  but  the  means  employed  that  the  present 
paper  aims  to  consider.  The  manuscripts  form  onJtjr  a  part  of  the 
available  material  for  the  study  of  the  writing  of  the  peoples  of 
Mexico  and  Central  America.  The  extensive  use  of  stone  carving  on 
the  facades  of  buildings,  on  altars  and  stel»,  and  on  the  lintels  opens 
up  another  extensive  source  from  which  examples  might  be  drawn. 
It  is  only  in  one  case,  however,  that  an  illustration  will  be  taken  from 
the  stone  bas-reliefs. 

The  early  history  of  writing  has  been  curiously  alike  over  the  greater 
part  of  the  world.  The  preliminary  step  is  in  the  use  of  reminders  or 
mnemonics.  These  signs  convey  no  message  in  themselves,  but  serve 
only  as  an  aid  in  bringing  to  mind  some  event.  They  are  not  uni- 
versally useful  as  are  many  specimens  of  picture  writing.  They  can 
usually  be  employed  only  by  those  who  possess  the  previous  knowledge 
which  the  reminders  serve  to  recall.  Notched  sticks  and  tallies  of  va- 
rious kinds  are  well-known  examples  of  this  class.  The  Roman  rosary 
immediately  suggests  itself  as  belonging  to  the  same  type.  The 
Peruvian  quipu  or  knotted  string  is  usually  cited  as  the  best  repre- 
sentative of  the  class  of  reminders.  Boturini  (1746)  in  his  ''Idea  de 
una  nueva  historia  general"  states  that  the  natives  of  Mexico  used  a 
knotted  string  for  recording  events  before  the  invention  of  a  hiero- 
glyphic writing.  Its  native  name  was  nepohual  tzUziiif  '*  cordon  de 
eumla  y  mimeroJ^  ^  Lumholtz  (1902,  vol.  2,  p.  128)  states  that  the 
Huichols  of  north-central  Mexico  in  setting  out  on  a  journey  prepare 
two  strings  of  bark  fiber  and  tie  as  many  knots  in  them  as  there  are 
days  in  the  journey.  One  string  is  left  behind  in  the  temple  with  one 
of  the  principal  men  and  the  other  is  carried  on  the  trip.  A  knot  is 
untied  in  each  string  each  day.  As  the  travelers  always  camp  in  the 
same  places,  they  are  protected  from  accidents  in  each  place  by  the 
prayers  of  those  at  home.  Lumholtz  cites  a  second  instance  of  the 
use  of  the  knotted  string  as  a  reminder.  In  the  HiJculi  rite  there  is  a 
general  confession  made  by  the  women.  ''In  order  to  help  their 
memories  each  one  prepares  a  string  made  out  of  strips  of  pahn  leaves 
in  which  she  has  tied  as  many  knots  as  she  has  had  lovers.  This 
twine  she  brings  to  the  temple  and  standing  before  the  fire  she  men- 
tions aloud  all  the  men  she  has  scored  on  her  storing,  name  after  name. 
Having  finished,  she  throws  her  list  into  the  fire  and  when  the  god  has 

iBatail]il,174d,p.85:  ''Nad5  aoslmiamo  en  estoEdadunraromodode  historian  yftiftooniinosCordoDes 
lu8os»  enlot  quatoi  tecotiefeezian  otros  delgadM,qa«  pendlfludt  d  C<i^ 

oolores.  TtlamfthangflflrtmHtotoriag  Fanloalareienloe  Reynogdel  Parti  Qttlfw,  y  enloedtUNoeva  Bapafia 
jy<ijJo>iiiili Hi in^  dethrando wa  denomtnaflnn  da ei  adverbio  NtpokndOi,  que  qalira  dadr  Qi'tiia<i,6eomo  si 
fl|ia>Miw^  OoriomdeeiUntaf  y  nunurOf  ea  que  te  raferiaa  y  immenban  las  ooaas  d%iias  da  neoMcla,  asat 
jyMoaSg  oomo  Humaoas." 
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accepted  and  consumed  it  in  hk  flame,  all  is  forgotten/'    The  men 
have  a  similar  custom. 

A  single  manuscript  leaf  of  the  Humbddt  Cdlection,  dated  1569 
(pL  1),  shows  the  same  idea  of  reminders  t(^;eiher  wilb  true  picture 
writing.^  It  is  a  baker's  account.  Just  as  the  baker  in  many  coun- 
tries notched  a  stick  in  keeping  his  record,  so  here  he  employs  much 
the  same  principle.  The  circles  are  tallies,  the  reminders  of  tiie  num- 
ber of  tortillas  or  perhaps  loaves  iA  bread  baked  each  day  by  the 
women.  Hie  sign  of  the  flag  oyer  seyeral  of  the  circles  is  a  symbol 
for  20.  llie  circles  containing  the  curved  lines  show  the  feast  days, 
the  SundajTB,  coming  six  days  apart.  Hie  Spani^  method  of  keep- 
ing time  has  been  ad<^ted  in  this  case. 

The  first  step  in  the  deyelopm^it  of  writing  after  the  preliminaiy 
stage  of  reminders  is  that  of  pure  pictures.  There  is  no  lack  et  illus- 
traticHis  of  this  step  in  the  manuscripts.  Pictiu'es  are  used  simply  as 
pictures  ¥rith  no  idea  of  sound  entering  into  the  meaning.  Tliey  are 
used  not  as  symbols  or  signs  of  something  dse,  but  simply  in  their 
objective  sense.  There  is  no  trace  of  mystidsm.  The  objects  i-ep- 
resented  can  not  be  treated  as  ciphers  or  cryptograms  in  any  attempt 
at  their  interpretation.  A  good  example  is  found  in  a  series  of 
pages  (pis.  2-5)  from  a  poet-Columbian  manuscript  in  the  Mendoza 
Collection,  now  in  the  Bodleian  Library  and  published  in  Eji^s- 
borough  (1831-1848,  vol.  1,  pis.  69-62).«  The  pictures  give  a  clear 
account  of  the  education  of  the  Mexican  boy  and  girl  from  the  age 
of  3  to  the  age  of  15.  The  boy  and  his  father  are  shown  <m  the  left 
and  the  girl  and  her  mother  on  the  right.  The  years  are  indicated 
by  circles,  and  the  daily  allotment  of  bread  appears  in  front  oi  each 
child.  At  the  age  of  3  a  half  cake  or  tarHUa  is  the  daily  ration, 
whereas  at  4  it  is  increased  to  a  whole  one. 

Plate  2  shows  the  education  from  the  ages  of  3  to  6.  Plate  3  indir 
cates  the  tasks  imposed  and  the  punishments  given  to  children  frcmi 
the  ages  of  7  to  10.  Plate  4  continues  the  punishments  for  the  elev- 
enth and  twelfth  years  and  shows  the  tasks  from  the  thirteenth  and 
fourteenth  years.  Plate  5,  at  the  top,  indicates  that  at  the  age  of 
15  the  boy  is  tmaed  over  to  an  outside  authority  to  continue  bk 
education.  The  lower  half  of  the  same  plate  shows  clearly  by  means 
of  pictures  the  marriage  ceremony.  The  groom  carries  his  bride  on 
his  back  into  an  inclosure  and  is  accompanied  by  four  women  carry- 
ing tiHx^hes.  The  marriage  rite  consists  of  tying  the  comers  df  the 
mantles  of  the  two  together.  The  marriage  feast  is  also  indicated. 
The  Spanish  accounts  of  the  ancient  marriage  customs  are  no  dearer 

1  Thto  iiMmiiQr4>t  Ji  caDed  FnpMot  xm  of  the  Htimbddt  CoUeo^ 
and  alBO  in  lilBOoUeot«dwQckB,ToLl,  pp.  276-283.  TbiilitiualttedinBaieBOof  KtliooloK7f  BiiiMlii98, 
pp.  213-217,  pL  18. 

t  This  aeries  of  pitCetJialBopoblJbhed  in  MAllor7,1888-80»  pis.  36-88.    I  am  indebted  to  this  seiias  of 
plotazes  (pis.  2-6)  and  also  to  pL  1  to  Mr.  F.  W.  Hodge,  diisf  of  tlM  Bmera  of  AnNckaa  BthaolocT. 
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than  the  pictures  shown  in  this  manuscript.  Every  det^l  recorded 
in  the  picture  is  described  in  the  Spanish  texts  covering  these  points. 

It  is  not  possible  in  the  present  paper  to  enter  into  a  discussion  of 
the  different  uses  of  picture  writing  among  the  Mexicans.  From  our 
point  of  view  much  that  appears  as  mere  decoration,  as  ornament, 
on  the  sculptured  facades  of  the  buildings  and  on  the  bas-reliefs  are 
far  more  than  decorative  designs.  There  is  in  every  case  a  meaning, 
however  hidden  it  may  be  by  the  complication  of  the  design. 

Picture  writing  may  develop  along  two  lines,  the  first  to  a  form  of 
conventionalized  pictures  and  the  second  to  one  characterized  by 
symbolic  forms,  which  in  turn  may  become  conventionalized.  Con- 
ventionalization shows  itself  often  in  stereotyped  forms  used  over  and 
over  again  to  express  the  same  idea.  The  moimtain  almost  always 
appears  as  shown  in  figures  3-5.  All  the  top  part  is  painted  green,  the 
bottom  yellow  with  a  line  of  red  above.  The  color  of  the  original 
drawings  is  a  great  aid  in  identifying  the  pictures. 

The  \isual  form  of  house  is  shown  in  figure  3,  water  as  in  figure  4 
at  the  top  of  the  moimtain.    The  water  is  usually  colored  blue. 

Symbolism  may  appear  in  the  use  of  the  part  for  the  whole,  the 


\ 


Fio.  L 

picture  of  the  whole  body  of  a  jaguar  may  give  way  to  a  representa- 
tion of  the  head,  or,  still  further,  the  idea  of  the  animal  may  be 
expressed  by  the  spotting  of  the  skin.  The  road  traveled  is  shown 
by  footprints,  as  in  figure  1.  Night  is  pictured  by  the  stars  in  a 
circular  field,  as  seen  in  the  Mendoza  naanuscript  (pi.  4,  n).  Death 
is  often  shown  by  a  skull. 

Symbolism  and  conventionalism  may  appear  in  the  same  figure. 
Speech  and  song  are  usually  expressed  by  a  commalike  form  in  front 
of  the  mouth,  as  shown  before  the  parents  instructing  their  children 
(pis.  2-5).  These  speech  forms  sometimes  go  so  far  as  to  indicate 
the  actual  character  of  the  speech.  An  example  taken  from  a  stone 
bas-relief  in  Yucatan*  illustrates  this  point  (fig.  2).  The  whole 
design,  of  which  that  shown  in  figure  2  is  only  a  small  part,  centers 
around  an  altar,  behind  which  is  shown  the  feathered  serpent. 
Speech  scrolls  are  indicated  before  the  mouths  of  all  the  personages. 
The  warrior  above  is  bringing  his  offering  of  weapons.  He  has 
before  his  mouth,  separated  oidy  by  his  breast  ornament,  the  con- 

1  ThiB  bas-relief  fonns  tlM  bacik  of  the  lower  chamber  of  the  Temple  of  the  TIgera  at  Chkhea  Itsa.  For 
a  drawfaig  of  the  whole  desigii,  see  Maudslay,  1806-1908,  vol.  8,  pL  40,  An  egphmatton  of  the  daalgn  is 
ghrea  in  Seler,  1898. 

88734*— en  1911 82 
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ventionalized  head  of  a  serpent  with  open  jaws,  the  nose  plug,  Uie 
eye,  and  teeth.  This  evidently  is  the  representation  of  a  prayer  or 
speech  in  behalf  of  the  serpent  god.  Below,  to  the  left  of  the  altar, 
the  figure  is  possibly  an  idol;  to  the  right  of  the  altar  a  dvilian  is 
shown  bringing  his  gifts,  possibly  bags  of  feathers.  Before  thB 
mouth  of  this  figure  a  most  elaborate  speech  is  indicated  with  buds, 
blossoms,  and  leaves.^  In  each  case  the  conyentionalizatioQ  and 
symbolism  are  marked. 

This  development  of  writing  from  realistic  pictures  to  those  of  a 
symbolic  or  conventionalized  nature  has  its  parallel  in  a  develop- 


no.  2. 

ment  of  ornamental  art.'  That  the  reverse  process  from  certain 
more  or  less  geometric  forms  to  those  of  a  realistic  character  may 
sometimes  be  present  in  primitive  art  should  also  be  noted. 

The  'ideographic"  stage  in  writing  is  reached  when  suggestions 
take  the  place  of  representation.  The  idea  rather  than  the  picture 
is  the  important  factor.    The  Spanish  priests  realized  very  early  the 

1  For  odMr  designs  eotpweslng  speech  and  song,  see  Oxocoo  y  Bena,  1880,  tqL  1,  p.  479  and  pL  7,  flgv. 
821-640. 

•  ProlPatnam  (1887)  was  the  flxst  to  point  this  out  in  oonneoaonwtth  American  art.  See  also  his  paper 
on  "SymboUsm  in  anolent  Amerioan art"  (1806). 
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Mendoza  Codex. 
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Mendoza  Codex. 


Digitized  by  VjOOQIC 


S»Tiith»oni*n  Report,  1911. — Tozzor. 


Plate  5. 
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great  ability  possessed  by  the  natives  of  Mexico  to  read  by  means  of 
pictures.  They  took  advantage  of  this  in  several  ways  in  order  to 
disseminate  the  teachings  of  the  Roman  reUgion.  The  entire  cate- 
chism was  shown  by  means  of  pictures.  No  question  of  sound  entered 
into  this  sort  of  picture  writing.  These  pictures  were  painted  upon 
great  cloths  and  hung  up  before  the  people.  A  page  of  Velades/  a 
Latin  account  of  the  activities  of  the  priesthood,  dated  1579,  shows 
some  of  the  ways  taken  by  the  priests  to  introduce  the  new  religion 
into  Mexico.  *  *  *  Torqumada  (1723)*  and  other  early  writers 
describe  these  charts  or  ''liemos/'  I  know  of  none  of  these  charts 
b  till  in  existence,  but  there  are  several  manuscripts  which  contain 
the  same  class  of  pictures.  Leon  (1900)  illustrates  and  describes 
this  kind  of  document.  The  Peabody  Museum  has  a  manuscript 
which  is  sUghtly  more  elaborate  in  its  figures  than  that  pictured  by 
Leon,  but  in  all  essential  particulars  they  are  identical.  Both  may 
be  considered  copies  of  earlier  charts.    *    *    * 

In  all  these  illustrations  we  have  seen  pure  "thought  writing,"* 
ideas  expressed  by  pictures,  conventionahzed  pictures,  symbols,  or 
conventionalized  symbols.  Up  to  this  time  there  has  been  no  sug- 
gestion of  the  name,  or,  more  exactly,  the  soimd  of  the  name.  Ideas 
have  been  expressed,  but  ideas  regardless  of  the  sounds  which  the 
names  would  signify. 

The  next  step  to  be  illustrated  by  Mexican  examples  is  where 
sound  comes  in  for  the  first  time  as  a  factor.  -  It  is  not  the  object 
now  that  is  the  desired  thing,  but  the  name  of  the  object.  This 
marks  an  intermediate  stage  between  picture  writing  on  the  one 
hand  and  phonetic  writing  on  the  other.  It  employs  the  weU-known 
principle  of  the  rebus.  It  is  this  step  which  is  illustrated  with 
special  clearness  in  the  Nahua  manuscripts,  perhaps  better  than  in 
th6  writing  of  any  other  people. 

Much  has  been  written  in  various  places  on  this  phase  of  the  writing 
of  the  Mexicans.  The  phonetic  character  of  the  greater  part  of  the 
various  pictures  has  been  known  for  some  time.*  Brinton  (1886 
and  1886,  a)  has  discussed  this  method  of  writing  and  gives  it  the 
term  "ikonomatic,"  the  "name  of  the  figure  or  image,"  referring  to 
the  sound  of  the  name  rather  than  to  any  objective  significance  as  a 

>  Velades,  1570,  ehap.  xxrlii,  giyes  a  pictorial  alphabet  which  is  of  no  importaooe.  Valentine,  1880,  p. 
74,  gives  a  reproduction  of  it. 

*  Book  XY,  chap,  xxv,  <'Tavieron  estoa  Benitos  Padres,  tm  modo  de  Predicar,  no  menos  trabajoso,  que 
artificioso,  y  moi  provechoso,  para  estos  Indios,  i>or  ser  conforme  al  uso,  que  ellos  tenian,  de  tratar  todas 
las  cosas  por  Pintnras,  y  era  desta  manera.  Hacian  Pintar  en  un  Lien^o,  los  Articulos  de  la  F^  y  en  otro, 
los  diez  Mandamientos  de  Dice,  j  en  otro,  los  siete  Sacramentos,  y  lo  demlLs  que  querian,  de  la  Doctrina 
Christiana;  y  quando  el  Predicador,  querla  Predicar  de  los  Mandamientos  colgavan  Junto,  de  donde  se 
ponia  k  Predicar  el  Lien^o  de  los  Mandamientos  en  distancia  que  podia,  con  una  Vara  seflalar  la  parte  del 
Lien^o,  quequeria.    *   *   *   »»    For  further  references  to  this  custom,  see  Leon,  1900. 

•  Scler,  1888,  uses  the  term  "  Oedankenrebus  "  for  this  kind  of  writing. 

4  Peflaflel,  188S,  gives  an  atlas  of  the  place-names  found  in  the  tribute  lists  in  the  Codex  Mendocino. 
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picture.    Phonetic  picture  writing  is  perhaps  a  term  more  easily 
understood. 

The  simplest  names  are  those  compounded  of  two  nouns  expressed 
directly  by  two  pictures: 

Cal4epec,  the  houBe  on  the  mountain  (Rg,  3): 
Cal  from  colli,  house; 
Tepee  from  tepeU,  mountain. 


FlQ.  3. 


FlO.4. 


Fxo.5 


A'tepec,  the  water  on  the  mountain  (fig.  4): 

A  from  atlf  water; 

Tepee  from  tepetl,  mountain. 
Coa-Upec,  the  moimtain  of  the  serpent  {%%,  5): 

Coa  from  coaU^  serpent; 

Tepee  from  iepeUt  mountain. 

The  verbal  idea  is^expressed  as  one  of  the  factors  in  some  of  the 
proper  names,  giving  a  compoimd  of  a  verb  and  a  noun,  both  ideas 
being  expressed  by  pictures: 

Toli-many  the  place  where  the  rushes  are  cut  (fig.  6): 
Toll  from  tollin,  rushes; 
Ma,  the  root  of  the  verb  meaning  ''to  take  something  with  the  hand.*' 


FlO.  6. 


Fig.  7. 


There  are  various  ways  of  expressing  the  same  combination  of 
sounds.  The  syllable  fan  may  be  shown  in  three  different  ways,  as 
follows: 

(1)  By  the  picture  of  a  flag,  parUli  (fig.  7). 
ChimaUpan,  the  shield  of  the  flag: 
Ckimalf  from  cMmalU,  a  shield; 
JPan  from  panUi,  a  fli^g;. 
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(2)  By  means  of  the  representation  of  a  river  or  canal ,  aparUli  (fig.  8). 
Coapan,  the  river  of  the  serpent: 
Coa,  from  coatl,  serpent; 
Pan,  from  apantlif  a  river  or  canal. 


Fio.8. 


FlQ.9. 


(3)  By  means  of  position,  the  syllable  pani  meaning  ''over'*  or  ''in *'  (fig.  9). 
Itz-mi'quil'pan,  the  obsidian  knife  over  the  verdure  of  the  cultivated  field: 
Itz,  from  itztli,  obsidian  knife; 
Mi  from  millif  a  cultivated  field; 
Quit  from  quiliUy  verdure; 
Pan  from  pani,  over. 

The  color  of  the  picture  also  has  a  phonetic  significance  in  some 
cases,  as  (fig.  10) — 

A-co-^x>Z'pan,  the  canal  of  the  very  yellow  water: 
A  from  atl,  water; 

Co-coZf  the  intensified  form  from  eozUCy  yellow;  * 
Pan  from  apan,  river  or  canal. 

In  all  these  examples  the  meaning  of  the  picture  is  conveyed  at  the 
same  time  as  the  sound.'  The  name  is  not  made  up  of  signs  used 
simply  for  their  phonetic  value  alone,  but  the  meaning  is  expressed 


FlO.  10. 


PlO.  11. 


by  the  signs  as  well.  The  town  of  the  ''very  yellow  water"  undoubt- 
edly derived  its  name  from  the  fact  that  it  was  situated  on  the  bank 
of  a  muddy  stream.  We  note  the  river  and  the  yellow  water  in  the 
original  drawing,  as  well  as  the  sides  of  the  stream. 

The  true  phonetic  stage  is  not  reached  imtil  signs  are  used  without 
regard  to  tieir  meaning  as  pictures  but  simply  for  their  phonetic 

>  In  the  original  mannsoripts  the  water  is  oolored  yellow. 

•  Another  interesting  development  of  the  use  of  a  sign  where  the  essential  feature  is  its  name  rather 
Its  significance  as  a  picture  is  seen  in  the  character  for  the  day  Ottin  (fig.  11).  The  word  means  ''rolling 
motion"  and  is  used  not  only  to  designate  this  day  hi  the  series  of  30  days,  but  is  found  again  and  agabi  in 
the  historical  records  to  Indicate  the  occurrence  of  an  earthquake. 


Digitized  by  CjOOQ  IC 


602 


ANNUAL  BEPORT  SMITHSONIAN  INSTITUTION,  191L 


Fio.  U. 


value.  In  all  the  exain{de8  of  place  names  given  the  different 
syllables  of  the  term  have  been  expressed  direct^  by  pictures  of 
objects  or  acts,  by  position,  or  by  color.  Some  other  method  has 
to  be  employed  when  one  desires  to  bring  out  a  meaning  where  it  is 
not  possible  to  translate  the  idea  directly  by  a  picture  or  by  any  of 
the  other  means  we  have  noted. 

The  town  ToOan,  "the  place  of  the  rushes/'  is 
easily  represented  by  a  picture  of  a  cluster  of  reeds, 
toUin.  Supposing,  however,  a  town  called  To&ttZan, 
meaning  ''near  ToUan"  was  the  one  to  be  written. 
This  would  be  more  difficult  to  express  in  picture 
form.  The  use  of  the  homophone  comes  in  here, 
words  of  a  similar  soimd  but  with  different  mean- 
ings. The  word  tetJan  means  ''near  something"  and 
the  second  syllable,  dan,  is  also  foimd  in  UarUlif 
meaning  "  teeth."  Thus  if  the  picture  of  some  teeth  (fig.  12)  is  shown, 
the  sound  Han  would  be  expressed,  suggesting  in  this  case  the  mean- 
ing, not  of  teeth,  but  of  nearness. 

There  is  another  word  for  "near"  or  "near  by,"  na/uae.  A  place 
named  Quauhnauac  has  the  meaning,  "in  or  near  the  forest."  QwomK 
is  the  root  of  the  word  qtiauitlf  tree.  The  termination  nauac  is 
supplied  by  the  sign  of  "clear  speech"  (fig.  13),  which  is  a  second 
meaning  of  na/uac.  A  variant  of  this  place  name  is  shown  in  the 
Aubin  manuscript  (fig.  14).  Here  there  is  an 
animal  head  with  the  leaves  of  the  tree  shown  on 
top.  Speech  is  represented  as  in  the  preceding 
form. 

An  interesting  class  of  diminutives  is  formed  in 
the  same  way  by  the  use  of  the  homophone  sdnco 
as  in  ToUaminco,  meaning  "Little  ToUan."  The 
use  of  determinatives  is  not  found  to  express 
the  special  meaning  of  the  word  which  is  to  be 
used  as  is  the  case  in  the  Egyptian  writing  of  the 
same  class. 

We  find  in  the  place  names  we  have  been  con- 
sidering the  beginning  of  asyllabaiy,  certain  char- 
acters always  used  for  certain  combinations  of  sounds.  These  signs 
not  only  express  single  syllables  but  in  a  few  cases,  as  in  tepee  and 
navac,  double  syllables,  and,  a  from  aU,  single  sounds. 

The  adoption  of  certain  definite  signs  to  express  certain  combina- 
tions of  sounds  is  a  step  far  in  advance  of  the  stage  of  pure  picture 
writing  and  it  is  well  on  its  way  toward  the  adoption  of  an  alphabet 
where  the  signs  no  longer  express  combinations  of  soimds  but  single 
sounds.    It  might  be  possible  to  go  a  step  farther  in  the  case  of  the 


FlO.  13. 
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Mexican  writing  and  say  that  the  Nahuas  had  reached,  to  a  slight 
degree,  this  final  stage  in  their  writing.  We  have  seen  how  an  a 
sound  in  the  place  names  is  always  expressed  in  their  writing  by  the 
sign  for  water,  afl.  So  other  signs  which  formerly  stood  for  entire 
syllables  seem  in  some  cases  to  have  been  used  to  express  the  initial 
sound  of  the  syllable.  The  sign  of  a  flag,  panUi,  came  in  time  to  be 
used  for  the  initial  sound  p,  the  sign  for  eU,  bean,  was  'worn  down  to 
express  the  initial  e  sound,  and  the  sign  oUif  for  road,  to  be  used  for 
an  0  sound.  I  am  inclined  to  think,  however,  that  the  Nahuas  in  pre- 
Columbian  times  did  not  realize  the  importance  of  the  step  which  they 
were  about  to  take,  the  use  of  signs  for  single  sounds,  an  alphabet. 
In  the  few  cases  where  this  seems  to  be  found  we  have  the  idea  of  a 
syllabary  rather  than  an  alphabet  as  the  il  of  ad,  eU,  and  otli,  is  a 
nominal  ending  and  the  word  in  composition  can  stand  without  this 
suflSx.  The  signs  for  a,  e,  and  o  are  really  signs  for  syllables  composed 
of  single  sounds  rather  thaB  for  single  letters  as  distinguished  from 
syllables. 

The  Nahuas  in  the  pre-Columbian  period  did  not  develop  the 
syllabary  to  the  point  shown  in  later  times.  There  are  no  early  texts 
in  the  true  sense  of  the  word  written  in  the  Nahua  characters.  The 
Spaniards  were  the  ones  to  realize  the  importance  of  the  syllabary 
and  it  is  imdoubtedly  owing  to  their  influence  that  certain  signs  are 
found  used  in  later  manuscripts  to  express  certain  syllables  absolutely 
for  their  phonetic  value  and  entirely  divorced  from  the  signification 
of  the  signs  as  pictiu*es.  Moreover,  the  Spaniards  seem  to  have  used 
to  some  extent  at  least  the  signs  of  the  Nahuas  to  express  single 
sounds. 

We  have  already  noted  the  work  of  the  Spanish  priests  in  their 
endeavor  to  teach  the  natives  the  creed  of  the  Roman  Church.  In 
this  case  the  ideas  are  expressed  quite  apart  from  the  sounds  of  the 
words.  The  pictures  could  be  imderstood  quite  as  well  by  one  people 
as  by  another.  The  missionaries  were  not  content  with  this.  They 
desired  the  Nahuas  to  learn  the  actual  sounds  of  the  words  of  the 
catechism.  They  took  advantage  of  the  ability  of  the  natives  to 
read  in  signs  denoting  syllables.  The  priests  selected  native  words 
which  had  the  same  initial  sounds  as  the  Latin  or  Spanish  words  which 
they  wished  the  Nahuas  to  commit  to  memory.  The  signs  for  these 
native  words  were  then  written  in  the  native  manner.  The  Lord's 
Prayer  is  usually  given  as  an  example  of  this  kind  of  writing.* 

>  Torqoemikda,  1723.  Book  xv,  chap.  xzzvl»  writes:  "El  Vocablo,  que  ellos  tienen,  y  que  mas  tira  k 
la  pranunciaclon  de  Patetf  es  Pantli,  que  slgnlflca  una  como  BanderUa,  con  que  ouentan  el  nnmero  de 
▼einte;  pues  para  aoordarse  del  Vocablo  PaUr,  ponen  aquella  Banderita,  que  slgnlflca  Pantll,  y  en  ella 
dioen  PaUr.  Para  la  segunda,  que  dice  Notter,  el  Voeablo,  que  ellos  tienen  mas  parecldo  k  esta  pronun; 
oiadon,  es  Koohtli,  que  es  el  Nombre  de  la  que  los  nuestros  Uaman  Tuna,  y  en  Espafia  Higo  de  las  Indlas- 
pues  para  aoordarse  del  Vocablo  NotUr,  pintaa  oonseoutlysmente  tras  de  la  Banderita,  una  Tuna,  que  ellos 
Uaman  Noohtll;  y  de  esta  manera  vim  prooslguiendo,  hasta  aoabar  su  Oracion;  y  por  sem^Jante  manera 
liallaTan  otros  mcMf^Vm  Careottees,  y  modes,  por  donde  ellos  se  entendlan,  para  haoer  Kemoria  de  lo 
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A  flag  (fig.  15)  pandi  suggests  pa.  A  picture  of  a  stone,  (efi, 
highly  conventionalised,  stood  for  ter,  making  Pater.  A  pricU^ 
pear,  noekUi,  the  fig  of  the  eagtue  opuntia,  was  used  for  recalling  tiie 
syllable  nos  and  another  stone,  teU,  the  ter,  making  notier.  In  the 
same  way  (fig.  16)  water,  aUy  stood  for  an  a  sound  and  agaw,  meUy 
for  men  making  amen. 
The  attempt  made  by  Bishop  Diego  de  Landa^  to  furnish  an 
alphabet  for  the  interpretation  of  the  Maya 
as  shown  by  Valendni  (1880), 
fabrication"  and  entirely  un- 
^en  applied  to  the  decipherment 
'  the  hiero^yphic writing.  The ''  alphabet'' 
.  ,  .ustrates  exactly  the  same  method  as  that 

vi>  No /  just  pointed  out.    Here  Landa  chose  a  native 

word  beginning  with  the  initial  soimd  he 

desired  to  write.    A  picture  or  symbol  was 

then  drawn  to  represent  this  word  and  this  came  to  stand  for  the  initial 

sound  of  the  word.    The  picture  of  a  man's  footprint  stood  for  one 

of  the  sounds  for  h,  the  Maya  word  for  road  being  he. 

The  hieroglyphic  writing  of  the  Mayas,  however,  does  not  serve 
as  well  as  that  of  the  Nahuas  to  illustrate  the  various  steps  in  the 
development  of  writing  as  a  whole.  There  is  far  less  known  in  regard 
to  the  phonetic  components  of  the  Maya  glyphs. 

In  view  of  the  higher  devel- 
opment of  the  calendar  system 
found  among  the  Mayas,  we 
might  naturally  presuppose  a 
corresponding  higher  develop-  ^^' "' 

ment  of  the  art  of  writing  and  yet  FOrstemann  (1886,  p.  2),  ScheB- 
has  (1886,  p.  77),  Brinton  (1886,  a),  and  Seler  (1888)  all  seem  to 
agree  that  the  Maya  hieroglyphics  are  essentially  ideographic,  with 
a  number  of  constant  phonetic  elements  which  are  used  only  to  a 
comparatively  slight  extent.  Up  to  the  present  time  a  correspondr 
ing  development  among  the  Mayas  of  the  rebus  form  of  writing 

<|Tie  avton  de  tomar  de  Caro,  y  lo  mismo  usavan  algimos,  que  nooonflavan  desu  Memoriaen  laaOoofeslaDM 
para  aoordarae  de  stis  Pecadoe,  Uermndotos  pintados  oon  sot  Caraottees  (<x)mo  lo8  que  de  1108^^ 
flMan  por  esoilto)  que  eraooea  de  yhr,  j  para  alabar  h  Dloe,  las  fnyeDokxies,  que  para  efeoto,  de  Imoom 
de  8U  salvaokm  buacaban,  y  usaban." 

Lm  Cases  in  his  Apologetic  Historia  de  las  Indies,  a  new  editkn  of  wliloh  Is  aTalUble  (UOO),  <di^ 
OCX^XV,wittes:"Tno8abiendoleernoestraesoiltiira»  esoribirtodoUdootrinaeDosporsasflgansy 
oanoteres  may  ingeniosam6nte,poniendo  la  flgmm  que  ootrespoodeii  en  laTozysonldainiustinToctblo: 
tsf  oomo  ^ijfimmos  amen,  ponlan  pintada  una  como  lliente,  y  luego  y  mi  maguey,  qae  en  sn  lengos 
IHBabaoonamen,porquelliUnanloametl,  y  asf  detodolodenias;yobeylstomiicha  parte  de  la  dootrina 
oristiana  esorlpta  por  stis  flguras  e  imiLglnfis  que  la  leian  por  ellas  como  yo  la  tela  pernoestraletcaeD  una 
oarta,  y  estc  no  es  artlflcio  de  Ingenio  poco  admtrahle^ 

i8eeLenda,l8d4,p.820. 
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of  the  Mexicans  has  not  been  found.  Various  elaborate  attempts 
to  read  the  Maya  hieroglyphics  phonetically  have  met  with  failure. 
Mr.  Bowditch  (1910,  pp.  264-266)  sums  up  the  whole  question  when 
he  writes: 

While  I  Bubaciibe  in  general  to  theBS  words  (that  the  wrting  is  chiefly  ideographic) 
of  the  eminent  Americanist  (Dr.  Brinton),  I  do  not  think  that  the  Aztec  picture 
writing  is  on  the  same  plane  as  that  of  the  Mayas.  As  far  as  I  am  aware,  the  use  of 
this  kind  of  Writing  was  confined,  among  the  Aztecs,  to  the  names  of  persons  and 
places,  while  the  Mayas,  if  they  used  the  rebus  form  at  all,  used  it  also  for  expressing 
common  nouns  and  possibly  abstract  ideas.  The  Mayas  surely  used  picture  writing 
and  the  ideographic  system,  but  I  feel  confident  that  a  laige  part  of  their  hieroglyphs 
will  be  found  to  be  made  up  of  rebus  forms  and  that  the  true  line  of  research  will  be 
found  to  lie  in  this  direction.  If  this  is  a  correct  view  of  the  case,  it  is  very  important, 
indispensable  indeed,  that  the  student  of  the  Maya  hieroglyphs  should  become  a 
thorough  Maya  linguist.  I  am  also  of  the  opinion  that  the  consonantal  soimd  of  a 
syllable  was  of  far  greater  importance  than  the  vowel  sotind,  so  that  a  form  could  be 
used  to  represent  a  syllable,  even  if  the  vowel  and  consonant  soimds  were  reversed. 

A  further  discussion  of  the  hieroglyphic  writing  of  the  Mayas 
would  lead  us  too  far  away  from  our  subject. 

I  have  not  attempted  to  elucidate  any  new  problems  or  to  add  to 
the  knowledge  of  the  writing  of  the  Mexicans,  but  to  coordinate  and 
systematize  the  various  forms  and  employ  them  as  examples  of  the 
general  development  of  writing.  There  is 
found  in  Mexico,  perhaps  to  a  greater 
degree  than  in  any  other  one  place  in  the 
world,  examples  of  all  the  different  kinds  ^ 

of  writing,  as  we  have  seen,  starting  with  a 

preliminaiy  stage  of  remindeils  and  passing  to  pure  pictures  which  are 
used  simply  in  their  objective  sense  as  pictures,  thence  to  the  more 
or  less  conventionalized  and  symbolic  pictures  or  ideographs  and 
finally  to  characters  expressing  sounds  as  well  as  ideas,  and  the 
beginning  of  a  syllabaiy,  the  first  step  in  the  development  of  a  phonetic 
writing,  and  a  step  beyond  which  the  Nahuas  did  not  go.  The 
Spanish  priests  made  the  last  advance  toward  the  goal,  the  forma- 
tion of  an  alphabet,  by  selecting  a  few  syllabic  characters  which 
they  used  to  express  the  initial  sounds.  The  first  credit  belongs, 
however,  to  the  ancient  Nahuas,  who  arrived,  quite  independently, 
at  the  idea  of  the  possibility  of  a  phonetic  writing,  and  it  is  not 
difficult  to  imagine  a  further  development  into  a  true  alphabet  had 
they  been  left  to  develop  their  culture  in  their  own  way. 
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THE  DISCOVERERS  OF  THE  ART  OF  IRON  MANUFACTURE.* 


By  W.  Bblok. 


About  three  years  ago  I  again  brought  before  our  society  the 
question  as  to  the  age  and  origin  of  the  art  of  ironworking.'  I  can 
now  state  with  satisfaction  that  the  discussion  and  study  of  this  prob- 
lem has  not,  as  in  similar  cases,  after  a  sudden  burst  of  enthusiasm, 
weU  nigh  exhausted  itself,  but  it  contmues,  here  and  elsewhere,  to 
engage  the  earnest  attention  of  scholars. 

If  it  be  said  that  by  this  time  we  should  have  reached  some  con- 
clusions, I  may  say  Uiat  in  a  measure  we  really  have  arrived  at  some- 
what definite  results,  due  chiefly  to  the  present  manner  of  stating  the 
problem,  and  to  a  restriction  and  limitation  of  the  question,  which  I 
claim  as  my  modest  contribution  in  the  treatment  of  the  subject. 

In  the  course  of  my  studies,  imtrammeled  by  methods  and  aims  of 
other  investigators,  and  constantly  guided  by  entirely  different  view- 
points, I  was  soon  convinced  that  there  was  a  very  long  interval 
between  what  may  be  called  the  accidental  and  the  intentional  pro- 
duction of  iron  implements,  an  interval  that  probably  covered  many 
milleniums.  The  question  as  to  when  prehistoric  man  first  held  in 
his  hand  an  iron  object  made  by  himself  is  very  interesting  to  us  all, 
the  more  so  because  of  the  apparent  impossibility  of  finding  a  satis- 
factory answer.  But  this  question  as  to  incidental  ironworking  is 
unimportant  beside  the  query  as  to  whom  we  are  indebted  for  the 
intentional  production  of  iron,  its  manufacture,  and  for  the  industry 
thus  made  possible.  In  a  word,  who  gave  this  industrial  art  to  an- 
cient and  modem  civilization,  when  and  where  was  it  first  practiced  f 
And  since  the  superiority  of  iron  over  all  other  metals  known  to  the 
ancients  is  not  at  all  based  upon  the  qualities  of  wrought  iron,  which 
because  of  its  softness  and  pliabiUty  is  for  many  uses  considerably 
inferior  to  the  hard  bronze  of  antiquity,  but  is  due  mainly  to  the 
excellent  qualities  of  hardened  steel,  the  question  as  to  who  were  the 
originators,  the  time  and  place,  of  the  first  manufactures  of  steel, 
becomes  of  preponderating  interest  to  the  historians  of  civilization. 

I  Translated  by  pennlsskm  from  the  Oeniian  of  W.  Belok.  Die  Erflnder  der  Eisentechnft:  in  Zeitschrlft 
fflr  Etbnologie,  vol.  42, 1910,  part  1,  pp.  15-30.    Berlin:  Behrend  &  Co.,  1010. 
t  Zettsobr.  Etlmo!.*  1907,  pp.  334-381.    Comparo  alao  Zeitschr.  Ethnol.,  1906,  pp.  45-60  and  341-253. 
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It  will  not  be  amiss  to  glance  first  at  the  results  of  the  discusoca 
and  researches  of  scholars  during  the  last  three  years.  First  of  all, 
as  to  the  age  and  origin  of  steelmaking,  the  most  important  stage 
in  the  history  of  the  woi^ing  of  iron — it  is  unfortunate  that  nobody 
has  attempted  to  solve  this  difficult  problem.  And,  indeed,  our 
sources  here  fail  us  completely,  for  the  process  of  making  and  working 
fine  steel  was  guarded  by  tlie  ancients  as  a  most  profound  secret 
known  only  to  members  of  the  same  sect.  The  evil  repute  in  idiich 
ironworkers  were  held  by  some  peoples — apparently  also  by  the 
earliest  of  the  Israelites — ^must  certainly  in  not  a  small  measure  be 
connected  with  the  superstition  of  their  neighbors,  who  ascribed 
skill  in  Uie  making  of  fine  steel  weapons  to  the  aid  of  evil  spirits  and 
demons.  And  it  i»self-evident  that  the  masters  of  this  art,  the  pros- 
perous sword-cutlers  of  the  time,  would  not  themselves  divulge,  much 
less  write,  upon  the  secrets  of  their  trade.  On  the  contrary,  it  was 
in  their  interest  to  foster  popular  bdief  in  the  supernatural  origin  of 
their  workmanship,  and  thus  to  put  a  stop  to  all  inquiry  as  to  the 
real  methods  of  their  trade.  The  steel  make:s  and  workers  were 
therefore  looked  upon  either  as  artists  by  the  grace  of  Gk>d,  or  as 
malignant  sorcerers  and  wizards,  and  were  treated  accordingly.  In 
either  case  the  result  was  the  same,  the  methods  of  steelworkers  re> 
mained  the  secret  of  the  sect  and  was  under  no  condition  betrayed. 
We  can  thus  understand  why  such  a  learned  man  as  Pliny  could  <^er 
no  definite  data  on  the  history  of  the  steel  industry,  although  he  was 
well  acquainted  with  the  makers  of  fine  steel. 

The  oldest  written  direct  information  now  known  on  the  employ- 
ment and  working  of  steel  is  the  Biblical  passage  in  I  Samuel  ziii, 
19-22. 

Now  there  was  no  smith  found  thnnig^ut  all  the  land  of  Israel:  for  the  Philistinea 
said,  Lest  the  Hebrews  make  them  swords  or  speara :  But  all  the  Israelites  went  down 
to  the  Philistines,  to  diarpen  every  man  his  share,  and  his  coulter,  and  his  axe,  and  his 
mattock.  Yet  they  had  a  file  for  the  mattocks,  and  tot  the  coulters,  and  for  the  forks, 
and  for  the  axes,  and  to  sharpen  the  goads.  So  it  came  to  pass  in  the  day  of  battle, 
that  there  was  neither  sword  nor  spear  found  in  the  hand  of  any  of  the  people  that  were 
with  Saul  and  Jonathan:  but  with  Saul  and  Jonathan  his  son  was  thoe  found. 

The  implements  mentioned  above,  according  to  my  conception^  can 
not  possibly  mean  anything  other  than  those  of  steel.  And  so  also 
very  probably  in  the  following  Biblical  passages  in  Joshua  xvii, 
16  and  18,  by  "chariots  of  iron"  we  should  understand  "chariots  of 
steel:" 

And  the  children  of  Joseph  said,  The  hill  is  not  enou^  for  us:  and  all  the  Oanaanites 
that  dwell  in  the  land  of  the  valley  have  chariots  of  iron,  both  they  who  are  of  Be&- 
shean  and  her  towns,  and  they  who  are  of  the  valley  of  Jezreel. 

But  the  mountain  shall  be  thine;  for  it  is  a  wood,  and  thou  shalt  cut  it  down :  and  like 
outgoings  of  it  shall  be  thine;  for  thou  shalt  drive  out  the  Oanaanites,  thou^  liiey  have 
iron  chariotB,  and  though  they  be  strong. 
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And  in  Judges  i,  19,  and  iv,  3: 

And  the  Lord  was  with  Judah;  and  he  drove  out  the  inhabitants  of  the  mountain; 
but  could  not  drive  out  the  inhabitants  of  the  valley,  because  they  had  chariots  of 
iron. 

And  the  children  of  Israel  cried  unto  the  Lord:  for  he  had  nine  hundred  chariots  of 
iron;  and  twenty  years  he  mightfly  oppressed  the  children  of  Israel. 

It  a£Ford8  me  satisfaction  to  state  that  investigators  generally  have 
tacitly  adopted  my  interpretation  of  these  passages. 

But  it  should  also  be  pointed  out  that  there  is  hardly  any  prospect 
that  older  written  evidence  will  be  discovered,  for  the  peoples  who 
have  left  ample  written  monuments  older  than  those  of  the  Hebrew, 
the  Assyro-Babylonians  and  the  Egyptians,  are  not  to  be  considered 
in  our  problem.  The  former,  because  without  question  they  became 
acquainted  with  iron  at  a  much  later  period;  the  latter,  because — 
even  assuming  that  they  had  known  wrought  iron  in  earlier  times — 
they  never  employed  steel.  But  even  if  we  must  confine  ourselves  to 
Biblical  passages  and  to  accounts  of  the  conquest  of  Palestine  by  the 
invading  Habiri  (Hebrews)  hordes  as  resting  on  good  tradition  and 
therefore  reliable,  we  obtain  quite  an  early  date,  about  the  thirteenth 
pre-Christian  century,  for  the  first  mention  of  steel.  At  the  same 
time  it  should  be  borne  in  mind  that  we  must  postulate  for  that  period 
a  quite  well  advanced  tvorkmanship,  so  that  the  ironsmiths  were  able 
to  turn  out  scythes  at  least  1  meter  long  and  correspondingly  wide 
for  the  scythe  chariots.  It  is  self-evident  that  the  making  of  such 
steel  scydies  was  attempted  only  after  long  practice  in  making 
swords,  daggers,  arrows,  and  other  weapons  of  steel.  If  these  steel 
scythes  were  fixed  to  the  axles  and  poles  of  war  chariots,  it  may  be 
assumed  that  in  time  of  peace  they  were  used  for  purposes  of  agricul- 
ture. In  short,  the  reference  to  the  scythe  chariots  of  the  Canaanites 
introduces  us  at  once  into  a  period  of  a  highly  developed  steel  indus- 
try. In  the  face  of  this  undeniable  fact  it  appears  the  more  strange 
and  incomprehensible  that  the  Egyptians  as  well  as  the  Assyro- 
Babylonians,  as  also  the  Hlttites  and  all  the  other  great  nations  of 
western  Asia,  had  no  knowledge  whatever  of  this  steel  industry  which 
certainly  must  then  have  been  several  hundred  years  old.  For  even 
if  the  ancient  armorers  most  carefully  guarded  and  practiced  their 
art  as  a  secret,  they  could  hardly  have  prevented  its  products  from 
becoming  generally  known  and  used  by  neighboring  nations.  This 
condition  can  be  accounted  for  only  by  assuming  that  the  actual 
development  of  the  steel  industry,  which  must  have  required  many 
years,  did  not  take  place  in  Palestine  but  elsewhere,  and  that  it  was 
introduced  into  Palestine  shortly  before  the  immigration  of  the 
Israelites.  These  data  fully  accord  with  our  knowledge  of  the  Phil- 
istines, who  are  assiuned  by  scholars  generally  to  have  immigrated 
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to  Palestine  at  a  comparatiyelylate  date;  some  even  daim  that  they 
came  later  than  the  Jews.^ 

If  it  is  assumed  that  the  weakening  of  the  Egyptian  supremacy  in 
Syria  and  Canaan,  in  consequence  of  the  repeated  wars  widi  the  great 
Sttite  kings,  was  taken  advantage  of  by  the  island  Philistines  for 
carrying  out  their  invasion  and  the  establishment  of  the  five  Philis- 
tine principalities,  and  that  some  five  decades  later  the  influx  of  the 
Israelitish  hordes  followed,  it  may  be  clearly  explained  that  in  the 
meantime  the  products  of  the  Philistine  iron  and  sted  industry  were 
introduced  and  spread  among  their  nearest  neighbors,  the  Canaanites: 
The  Israelites  would  therefore  have  learned  to  know,  to  admire,  and 
to  fear  their  weapons,  while  at  the  same  time  the  more  distant  peo- 
ples, such  as  the  Babylonians  and  Assyrians  and  the  Egyptians,  who 
carried  on  scarcely  any  foreign  trade,  must  have  remained  in 
ignorance  of  them. 

Sober  and  intelligent  research  in  this  subject  will  certainly  result  in 
revealing  many  a  grain  of  truth  in  the  debris  of  the  milleoiums,  and 
some  important  facts  may  even  now  be  pointed  out.    Since  the 
.effectiveness  of  the  scythe  chariot,  so  mudi  employed  in  ancient 
wars,  depended  upon  the  continued  keenness  of  the  blades,  vdiich 
coxild  hardly  be  attained  in  bronze  scythes,  it  seems  to  me  scarcely 
subject  to  doubt  that  the  inventors  and  propagators  of  the  steel 
industry  in  Palestine  were  also  the  inventors  and  earliest  constmctorB 
of  the  scythe  chariot.    The  possession  and  employment  of  such 
deadly  chariots  must  have  materially  aided  the  invading  Philistines 
in  the  conquest  of  the  coast  land,  for  the  Jews  could  hardly  have  been 
the  only  ones  to  be  horror-stricken  by  these  terrible  slaughtering 
machines,  so  that,  as  they  themselves  often  admit,  they  did  not  even 
venture  into  the  valleys  occupied  by  the  Philistines,  where  alone  could 
these  scythe  chariots  be  used  to  advantage.    Among  the  Elgjrptian 
troops  similar  fear  must  have  prevailed.    We  may  therefore  conclude 
that  the  Philistines  at  the  period  of  the  invasion  of  Palestine,  in  the 
thirteenth  or  fourteenth  centuries  B.  C,  introduced   there  a  steel 
industry  whose  higher  development  must  also  have  gone  on  for  sev- 
eral centuries  in  their  former  settiements,  probably  on  the  island  of 
Crete.    On  this  assumption  the  beginnings  of  tixe  steel  industry 
would  reach  back  into  the  first  half  of    the  second  pre-Christian 
millenium,  or  to  the  period  from  1800  to  1600  B.  C.    Moreover,  it 
may  be  implied  [from  this  that  the  beginnings  of  the  manufacture  of 
wrought-iron  objects  among  the  Philistines  must  at  least  be  set  in 
the  second  half  of  the  third  millenium  B.  C;  that  is,  that  the 
working  of  iron  was  developed  among  the  Philistines  diuing  a  period 
considerably  earlier  than  hitherto  we  have  been  inclined  to  assume. 

I  Thus  M.  Mueller,  Asien  and  Europa,  p.  388,  lets  them  immigrate  as  late  as  about  1100  B.  C,  wlilchl^ 
however,  probably  by  aoo  to  300  years  too  low. 
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My  propositions  on  the  history  of  the  wrought-iron  industry*  as 
far  as  the  several  peoples  are  considered,  have  in  part  received  prompt 
and  unconditional  assent,  and  in  part  they  have  been  disputed. 

In  this  way  a  welcome  clearing  of  the  disputed  points  was  effected 
which  will  materially  facilitate  further  investigation. 

The  Assyriologists  admitted  that  only  the  very  late  Assyrian  and 
Babylonian  inscribed  monuments  mention  iron,  and  also  that  in  the 
excavations  iron  objects  make  their  appearance  at  a  comparatively 
late  period  (ninth  to  eighth  century  B.  C.)-  Assyria  and  Babylonia, 
and  with  them  the  entire  Assyro-Babylonian  culture  sphere  (espe- 
cially also  Elam),  are  thus  definitely  eliminated  from  the  circle  of 
peoples  who  might  be  considered  as  inventors  of  the  working  of  iron. 

As  regards  the  Jews,  there  was  at  first  some  opposition.  Not  that 
they  were  suspected  to  have  been  inventors  of  ironworking,  but 
rather  as  concerns  the  age  and  source  of  their  knowledge  of  iron, 
which  there  was  a  strong  inclination  to  derive  from  their  sojourn  in 
Egypt.  Heretofore  I  coxild  produce  only  indirect  proofs  in  support 
of  my  views  that  it  was  in  Canaan  that  the  Jews  first  learned  of  iron, 
and  the  fact  that  this  metal  is  not  mentioned  dining  their  wandering 
in  the  wilderness,  or  even  in  the  detailed  description  of  the  construc- 
tion of  the  Tabernacle.  In  the  meantime  I  came  across  a  Biblical 
passage  which  seems  to  be  direct  corroboration  of  my  views,  namely, 
in  Joshua  vi,  19-24: 

But  all  the  silver,  and  gold,  and  vessels  of  brass  and  iron,  aie  consecrated  unto  the 
Lord:  they  shaU  come  unto  the  treasury  of  the  Lord.  So  the  people  shouted  when 
the  priests  blew  with  the  trumpets:  and  it  came  to  pass,  when  the  people  heard  the 
sound  of  the  trumpet,  and  the  people  shouted  with  a  great  shout,  that  the  wall  fell 
down  flat,  so  that  the  people  went  up  into  the  city,  every  man  strai^t  before  him, 
and  they  took  the  city.  And  they  utterly  destroyed  all  that  was  in  the  city,  both 
man  and  woman,  young  llnd  old,  and  ox,  and  sheep,  and  aae,  with  the  edge  of  the 
ewotd.  But  Joshua  had  said  imto  the  two  men  that  had  spied  out  the  country.  Go 
into  the  harlot's  house,  and  bring  out  thence  the  woman,  and  all  that  she  hath,  as  ye 
sware  unto  her.  And  the  yoimg  men  that  were  spies  went  in,  and  brought  out  Rahab, 
and  her  father,  and  her  mother,  and  her  brethren,  and  all  that  she  had;  and  they 
brought  out  all  her  kindred  and  left  them  without  the  camp  of  Israel.  And  they 
burnt  the  city  with  fire,  and  all  that  was  therein:  only  the  silver,  and  the  gold,  and 
the  vessels  of  brass  and  of  iron,  they  put  into  the  treasury  of  the  house  of  the  Lord. 

Joshua  here  gives  his  commands  to  the  Jews,  how  they  should, 
after  the  conquest  of  Jericho,  deal  with  the  peoples  and  dispose  of  the 
captured  booty:  All  living  beings,  except  the  family  of  Rahab,  should 
be  killed;  all  the  silver  and  gold,  together  with  the  brass  and  iron 
vessels,  should  be  appropriated  to  the  treasury  of  the  Lord  in  the 
Tabernacle.  This  last  ordinance  is,  according  to  verse  24,  punc- 
tually carried  out.  Now,  the  ordinance  with  regard  to  the  gold  and 
silver  objects  is  easily  understood,  in  a  measure  also  that  for  the 

1  Compaie  espedally  Zeltachr.  Etbnol.,  1907,  pp.  841-^^;  ib.,  1908,  pp.  46-60. 
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valuable  faronse  veneb.  But  irliat  would  the  Tabernacle  and  Uie 
Temple  treasury  do  with  iron  vosBek  if  they  were  in  general  use  and 
therefore  to  be  had  in  large  quantities  and  at  a  small  price)  No; 
this  regulation  made  by  Joshua  is  intelligible  only  if  we  assume  that 
at  that  time  iron  was  to  the  Jews  something  rare  and  jHrecious  which 
Ihey  would  ccmsecrate  along  with  the  other  valuable  things  to  the 
Temple  treasury.  Likewise  the  passage  in  Joshua  zdi,  8,  in  which 
Joshua  says  to  the  two  tribes  and  a  half,  who  were  returning  to 
Bashan  and  Gilead: 

Bettxm  with  much  riches  unto  your  tonti.  and  widi  very  nindi  cattle,  withsihw, 
and  with  gold,  and  with  boae,  and  with  iron,  and  with  very  much  laiment: 

clearly  proves  that  iron  objects  were  then  classed  as  valuable  booty, 
even  as  was  the  case  with  the  Assyrians  in  800  B.  C;  that  is,  about 
300  years  later. 

If  this  view,  that  iron  and  iron  vessels  were  then  both  by  the  Jews 
and  probably  also  by  peoples  Uving  still  farther  away  from  the 
Philistines  considered  as  something  rare  and  costly,  the  foUo^ring 
tradition  of  the  iron  bedstead  of  King  Og  of  Bashan,  contained  in 
Deuteronomy  iii,  11,  presents  an  entirely  different  aspect: 

For  only  Og  king  of  Baahan  remained  of  the  renmant  of  the  giants;  behold,  his 
bedstead  was  a  bedstead  of  iron;  is  it  not  in  Rabbath  of  the  childiea  of  Ammon? 
nine  cubits  was  the  togth  thereof,  and  four  cubiti  the  breadth  ci  it,  after  the  cabit 
of  a  man. 

It  has  been  recently  assumed  that  it  was  not  a  real  bedstead,  but 
a  sarcophagus  of  basdt,^  which  may  also  have  appeared  to  the  Jews 
as  something  unusual.  Whether,  even  so,  the  Jews,  who  devote 
scarcely  a  word  to  the  coflBns,  tombs,  and  interments  of  their  own 
kings,  even  the  most  famous  and  favored  ones,  would  consider  it 
worth  mentioning  in  their  sacred  writings,  seems  to  me  very  ques- 
tionable. Besides,  it  has  been  entirely  overlooked  that  this  iron 
"  bedstead '*  was  still  at  a  much  later  time  preserved  and  shown  as  a 
curiosity  (compare  Deuteronomy  iii,  11),  though  not,  as  would  be 
expected,  in  Bashan,  but  in  Rabbath-Ammon — ^that  is,  among  a 
people  hostile  to  the  Jews.  This  fact  is  difficult  to  understand  if  it 
were  a  sarcophagus,  which  with  its  enormous  weight  could  not,  like 
some  piece  of  war  booty,  be  carried  from  one  place  to  another. 

But  if,  on  the  other  hand,  it  is  remembered  that  according  to  the 
Assyrian  cuneiform  accounts  couches  of  state  of  pure  gold  for  the 
princes  of  that  time  were  very  common,  it  can  be  easily  understood, 
on  the  assumption  that  at  the  time  of  the  Israelitish  invasion  in  Pales- 
tine iron  was  a  rare  and  costiy  article,  that  a  rich  prince  had  himself, 
for  the  sake  of  variety,  made  a  bedstead  of  the  costly  iron.  And  there 
will  be  nothing  strange  that  the  Jews  in  the  account  of  their  victory 

i  Compare  Blaoofconbom,  Zeitsdir.  EthnoL,  1907,  p.  306, 
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eBpecially  mention  such  an  extravagantly  expensive  object,  or  that 
this  valuable  and  easily  transportable  article  was  carried  away  by  a 
host  of  the  Ammonites  who  sometime  afterwards  may  have  invaded 
Bashan  (compare  Judges  iii,  13,  wh^e  soon  after  Joshua's  death — 
that  is,  at  a  time  when  iron  coxild  certainly  not  have  become  much 
cheaper — there  is  given  an  account  of  a  victorious  campaign  of  the 
Ammonites,  Amalekites,  and  Moabites  against  the  trans-Jordan  Jews). 

So  much  as  to  the  relation  of  the  Jews  to  our  problem. 

Serious  objections,  though  there  was  also  partial  agreement,  were 
made  to  my  statements  relating  to  the  i^yptians.  This  is  not 
strange  concerning  a  people  like  the  Egyptians,  about  whom  opinions 
are  so  divided.  While  some  investigators  allow  to  the  Egyptians  a 
knowledge  of  iron  only  since  about  the  fifteenth  century  B.  C.  and  a 
more  extensive  employment  of  the  metal  only  shice  the  beginning  of 
the  Ptolemaic  period,  denying  them  any  independence  in  iron  manu- 
factures in  the  pre-Ptolemaic  period,  as  also  the  quarrying  of  iron  ores 
or  iron  casting,  others  hold  almost  an  entirely  opposite  view,  supported 
by  the  sporadic  finds  of  iron  in  the  pyramidb  and  temple  ruins  on 
supposedly  untouched  sites.  These  investigators  speak  of  the  i^yp- 
tdans'  knowledge  of  iron  metal  diuring  the  fourth  or  even  earlier 
dynasties,  and  lees  cautious  scholars  have  claimed  these  pretended 
hoary  finds  as  proof  not  only  that  the  Egyptians  k;;new  the  value  of 
iron,  but  as  evidence  of  a  veritable  iron  industry  in  those  very  ancient 
times. 

However,  this  last  bold  assertion,  supported  by  Herr  Blanckenhom 
and  otherSi  has  found  few  adherents. 

There  seems  to  be  no  real  evidence  of  the  existence  of  a  very  ancient 
iron  industry  among  the  Egyptians,  but  on  the  contrary  all  circiun- 
stances  pronounce  against  it.  Serious  investigators,  such  as  von 
Luschan,  Olshausmi,  and  others,  are  therefore  content  to  emphasize 
the  importance  of  those  very  ancient  iron  finds,  whose  genuineness 
and  age  they  energetically  defend  against  skeptics,  and  to  merely  call 
attention  to  the  frequent  representation  of  iron  objects  on  old  Egyp- 
tian mural  paintings,  in  which  the  blue-colored  objects  are  assumed  to 
be  made  of  iron.  From  these  observations  they  conclude  not  that 
there  existed  a  native  iron  industry  among  Egyptians,  but  that  it 
indicates  an  intermediary  rOle  in  the  spread  of  metallurgic  knowledge 
of  iron  among  other  peoples.  In  the  latter  class  von  Luschan  partic- 
ularly includes  the  Negroes*  settled  in  the  south  of  Egypt,  and 
recounts  many,  at  first  sight  seemingly  plausible,  circimistances  to 
show  that  the  iron  industry  of  Europe  had  its  origin  among  those 
Negro  peoples,  from  whom  it  spread  to  other  peoples  through  the 
mediiim  of  the  Egyptians. 

1  Compare  Zeitschr.  Ethnol.,  1907,  pp.  379-381;  and  more  In  detaU,  lb.,  1909,  pp.  »-03, 
38734*'— SM  1911 33 
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Von  Luschan  thus  does  not  consider  that  the  Egyptians  themselyw 
ware  the  inventoiB  of  ironworking,  but  rather  attributes  to  them,  a 
secondary  r6le,  and  in  so  far  I  agree  with  him  as  against  that  group 
of  scholars  who,  notwithstanding  all  the  proofs  brought  forth,  siffl 
maintain  that  the  origin  of  the  iron  industry  is  to  be  sought  in  'Egypt 

If  von  Luschan's  view  be  correct,  the  following  conditions  must  first 
of  aU  be  fulfilled: 

1.  There  must  be  proof  of  the  existence  of  an  iron  industry  amoDg 
the  Negroes  in  the  very  ancient  period  assumed  by  von  Luschan. 

2.  It  must  be  proven  that  ironworkdng  was  in  very  ancient  time 
imported  from  the  Negro  territories  into  Egypt,  and  there  practically 
employed. 

3.  It  must  be  proven  that,  and  the  manner  how,  the  industry  spread 
from  Egypt  to  Asia  and  Europe. 

As  to  the  first  proposition,  Schweinfurth,  like  von  Luschan,  also 
considers  the  iron  industry  of  the  Negro  peoples  as  native  (not 
imported)  and  of  probably  considerable  antiquity,  although  he  hardly 
seems  to  be  inclined  with  von  Luschan  to  ascribe  to  it  an  age  of  from 
4,000  to  5,000  years  or  even  more.  Von  Luschan  offers  no  proof  for 
such  a  high  antiquity  of  that  industry  among  the  Negroes,  and  we 
may  concede  to  him  that  on  this  question  conclusive  proofs  can 
sci^x^ely  be  expected.  Von  Luschan  therefore  tries  verisimilar  proof, 
pointing  out: 

On  the  old  Egyptian  mund  paintings  are  often  seen  dark  people  presenting  to  the 
Pharaoh  blue-coI(H«d  objects  (weapons,  knives,  etc.).  I  asBume  with  many  other 
investigators  that  the  dark  people  represent  Negroes,  and  the  blue-colored  weapons 
are  iron  ones,  hence  the  Negroes  were  then  in  possession  of  an  iron  industry. 

This  method  of  proof  involves  some  serious  errors;  for,  on  the  one 
hand,  it  assumes  two  premises  which  are  by  no  means  generally 
conceded,  and  on  the  other  hand,  the  derived  conclusion  is  false. 

(a)  There  is  thus  far  no  proof  that  the  dark  people  represented 
N^roes,  African  Negroes,  and  if  one  should  wish  to  recognize  them  as 
the  likewise  dark  inhabitants  of  the  Arabian  west  coast  and  of  part 
of  the  Sinaitic  peninsula,  he  could  scarcely  be  convinced  of  being 
wrong.  We  may  call  to  mind  the  tradition  of  the  anci^its  (compare 
Herodotus  i,  1,  and  vii,  89),  according  to  which  the  Pxmt-Punians- 
Phenicians  had,  previous  to  their  immigration  into  Phenicia,  lived  at 
the  Red  Sea,  and  they  received  their  name  from  the  dark-reddish 
color  of  their  skin.  Li  my  opinion  we  have  in  the  relation  by  Herodo- 
tus an  historic  accoimt  of  great  importance  which,  very  agreeably, 
is  supported  and  corroborated  by  Biblical  data,  for  this  same  state- 
ment 13  indirectly  but  distinctly  made.  I  refer,  in  the  first  place,  to 
I  Kings  ix,  26-28,  where  it  reads: 

And  King  Solomon  made  a  navy  of  ships  in  Eziongeber,  which  is  beside  Eloth,  on 
the  shore  of  the  Bed  Sea,  in  the  land  of  Edom.    And  Hiram  sent  in  the  navy  his 
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servaatB,  shipmen  that  had  knowledge  of  the  sea,  with  the  servants  of  Solomon.  And 
they  came  to  Ophir,  and  fetched  from  thence  gold,  fotir  hundred  and  twenty  talents 
and  brought  it  to  king  Solomon. 

This  Jewish-Phenician  sea  voyage  is  aJso  mentioned  in  I  Kings 

X,  11: 

And  the  navy  also  of  Hiram,  that  brought  gold  from  Ophir,  brought  in  from  Ophir 
great  plenty  of  almug  trees,  and  precious  stones. 

Further,  ib.,  verse  22: 

For  the  'K'ing  had  at  sea  a  navy  of  Tharshish  with  the  navy  of  Hiram:  once  in  three 
years  came  the  navy  of  Tharshish,  bringing  gold,  and  silver,  ivory,  and  apes,  and  pea- 
cocks. 

The  same  is  read  in  II  Chronicles  ix,  21 : 

For  the  king's  ships  went  to  Tarshish  with  the  servants  of  Hiram:  every  three  yean 
once  came  the  ships  of  Tarshish  bringing  gold,  and  silver,  ivory,  and  apes,  and  peacocks. 

In  full  agreement  with  this  Josephus  relates  in  his  Jewish  Antiqui- 
ties, viii,  6,  §4: 

Then  the  King  (Solomon)  had  built  himself  many  ships  in  the  Egyptian  bay,  in  a 
place  called  (jasiongabel,  situated  on  the  Red  Sea,  not  far  from  the  city  of  Aelana, 
which  is  now  called  Berenice.  For  this  entire  region  at  that  time  belonged  to  the 
Jews.  For  the  construction  of  this  navy,  too,  he  received  abundant  support  from  the 
liberality  of  Hiram,  King  of  the  Tyrians.  For  Hiram  sent  him  a  number  of  steers- 
mates  and  experienced  seamen.  Solomon  ordered  them,  together  with  his  own 
officials,  to  sail  to  Sophira  in  India,  the  present  so-called  gold  land,  and  to  bring  him 
gold  from  there.  They  gathered  about  four  hundred  talents  of  it  and  then  returned 
home  to  the  King.' 

The  statement  in  these  accoimts  that  Solomon's  people  had  built 
the  ships  at  Eziongober  (=Gasiongabel)  is  improbable,  for  whence 
could  the  inland  Jews  have  acquired  the  professional  knowledge  and 
skill  necessary  for  such  work?  Had  they  really  attempted  to  build 
ships  on  their  own  initiative,  they  would  have  had  the  same  experi- 
ence as  that  of  Jehoshaphat,  King  of  Judah,  later  on,  of  whom  it  is 
related  in  II  Chronicles  xx,  35-37: 

And  after  this  did  Jehoshaphat  king  of  Judah  join  himself  with  Ahaziah  king  of 
Israel,  who  did  very  wickedly:  And  he  joined  himself  with  him  to  make  ships  to  go 
to  Tarshish:  and  they  made  the  ships  in  Eziongaber.  Then  Eliezer  the  son  of  Doda- 
vah  cfi  Mareshah  prophesied  against  Jehoshaphat,  saying,  Because  thou  hast  joined 

1  In  ooniiection  with  this  hJstorioally  so  important  aoooont  I  wish  to  malce  the  following  remarks: 

1.  Josephos  was  certainly  in  position  to  establish  without  diffloolty  or  uncertainty  where  the  land  of 
Ophir  or  Sophira  was  located.  In  the  iistoe  of  his  clear  statement  that  it  was  India  it  remains  inoomj^e- 
henaible  that  Ophir  was  ever  seriously  sought  for  in  AfHca  on  the  ZambesL  Ophir  is  also  mentioned  in 
the  genealogical  table  of  Genesis  (x,  39)  as  a  descendant  of  the  Semite  Joktan;  and  Josei>hus,  Jewish  Antiqul- 
ties,  i,  6,  (4,  makes  Ophelres,  as  he  calls  him,  together  with  other  descendants  of  Joktan,  dwell  on  the  Indian 
Biver  Eopbene  and  in  adjacent  Arlane. 

2.  I  can  not  beUeve  in  the  supposed  *'  voluntary  "  aid  given  by  Hiram  of  Tyre  to  Solomon  (and  llkewisQ 
to  David);  probably  T3rre  at  the  time  of  David  and  Solomon  stood  to  the  rising  and  flourlshil]^  Jewish 
state  in  a  relation  of  suserainty  similar  to  that  of  Damascus  and  Hamath. 

8.  The  visit  of  homage  paid  by  the  Queen  of  Sheba  to  Solomon  seems  to  have  been  a  direct  result,  not  so 
much  of  the  fact  that  Jewish  rule  in  David's  time  extended  to  the  coast  of  the  Red  Sea,  but  rather  of  the 
Jewlsb-Phenician  sea  voyages  on  the  Bed  Sea  to  Ophir  along  the  Arabian  coast 
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lliyBeU  with  Ahanii^tiM  Lord  halhbfokeatiiywQifci.    And  the  Aipt  w«ro  bfokm, 
tfaMl  they  were  not  able  to  go  to^Tanhidi. 

And  similarly  we  read  in  I  Kings  xrii,  48,  49: 

JehoflhapbAt  mede  diips  of  Thenhiah  to  go  to  Ophir  for  gold:  but  they  went  not; 
for  the  ships  were  broken  at  Edongeber.  Then  said  Ahaziah  the  eon  of  Ahab  unto 
Jehoshaphat,  Let  my  servants  go  with  thy  servants  in  the  ships.  But  JeboAaphat 
would  not. 

Tlie  Bible  is  silent  about  the  cause  of  the  failure  of  this  first  and 
only  attempt  of  the  Jews  at  independent  seafaring,  but  it  is  found  in 
Josephus,  Jewish  Antiquities,  ix,  1,  (4: 

He  (Jehoshaphat)  also  kept  friendship  with  Ahab's  son  (Ahadah),  King  of  the 
Israelites,  and  entered  into  an  agreement  with  him  to  equip  ships  iiiijch  should  sifl 
to  the  Pontus  and  the  trading  places  of  Thrace.  But  ae  the  vessels  were  too  big  and 
therefore  peridied,  he  gave  up  building  other  ships. 

Here  it  is  immistakably  stated  that  the  Jews  indeed  made  an 
attempt  at  independent  shipbuilding,  without  the  assistance  of  the 
Phenicians,  but— as  would  naturally  be  expected — ^made  a  complete 
failure  of  it. 

Another  apparently  improbable  statement  in  the  Biblical  account 
about  Solomon  is  that  his  people  carried  on  seafaring  independentlj. 
Here,  too,  Josephus  doubtless  gives  the  correct  statement  when  he 
writes  that  Solomon  sent  along  his  own  officials  with  the  Tyrian  sea- 
men to  Ophir,  obyiously  chiefly  as  superintendents  of  the  ^tire 
rather  costly  undertaking.  For  it  is  evident  that  the  building  of 
ships  at  Eziongeber  must  have  been  very  expensive  on  account  of 
the  necessity  of  transporting  the  requisite  timber  from  the  Lebanon 
to  the  Red  Sea. 

C!on8idering  these  several  definite  accounts,  there  can  be  no  doubt 
that  Solomon's  officials  had  really  undertaken,  on  ships  built  at  the 
Red  Sea  with  the  aid  of  Tyrian  craftsmen  and  manned  with  Tyrian 
sailors,  one  or  more  for  that  time  very  important  sea  voyages  of  three 
years'  duration  to  Ophir-India.  How  came  the  Tyrian  seafarers  to 
undertake  such  a  distant  and  perilous  voyage  to  an  unknown  gold 
land,  from  which  they  were  separated  not  only  by  many  thousands 
of  miles  of  sea  but  also  by  a  broad  tract  of  land  ?  Tltiere  is  no  sug- 
gestion that  the  ships  had  been  sent  out  haphazard  to  an  imknown 
goal,  but,  on  the  contrary,  as  indicating  the  difficulties  of  such  a 
voyage,  it  is  stated  that  it  consiuned  three  years,  probably  the  normal 
duration  of  such  a  trip.  We  may  th^^fore  conclude  that  this  sea 
route  was  nothing  new  to  the  Phenicians,  but  something  they  had  long 
known.  But  it  is  absurd  to  assume  that  the  Phenicians  inhabiting 
the  Syrian  coast  had  reached  the  Red  Sea  overland  before  the  times 
of  David  and  Solomon,  and  there  at  random  had  built  ships  with 
timber  brought  along  by  them,  and  that  they  set  out  at  haphazard 
and  accidentally  discovered  India.    The  stat^nent  of  Herodotus  that 
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the  Phtfuciaoe  had  preTioiialy  beoa  settled  at  the  Red  Sea  will  have 
to  be  given  eredence;  for  in  thia  oase  an  extensive  sea  voyage  along 
the  Arabian  coast,  and  on  such  an  occasion  a  chance  d^covery  of 
India  by  them,  would  be  nothing  strange.  And  even  after  the  sub- 
sequent partial  migratien  ncnrthward  into  Syria  the  ^iterprising 
Tynan  merchants  would  equip  expeditions  to  the  Sinaitic  peninsula 
and  thence,  in  common  with  the  members  of  their  tribe  who  remained 
behind,  would  barter  with  India.  And  the  Jews,  as  long  as  their 
kingdom  extended  in  the  south  only  to  Beer-Sheba,  could  hardly  have 
had  any  knowledge  of  this  Tyrian  conmierce.  This  condition  changed 
when  David  routed  the  Edomites  in  the  battle  of  the  valley  of  sttlt, 
killing  18,000  men  (11  Samuel,  viii,  13, 14;  I  Chronicles,  XYiii,  12, 13; 
Psalms,  be,  2,  10,  11 ;  compare  also  Josephus,  Jewish  Antiquities,  vii, 
5,  §  4),  subjecting  entire  Edom,  in  which  he  placed  garris(ms,  and 
imposing  ground  taxes  and  poll  taxes.  In  consequ^ice  of  this  not 
only  did  access  to  the  Mediterranean  Sea,  or  the  caravan  route  from 
Elath,  but  also  the  harbor  of  Math,  fall  into  the  hands  of  the  Jewish 
King,  without  whose  permission  the  Tyiian  merchants  could  not 
undertake  their  tradkig  voyages  to  Ophir.  Obviously  they  had  to 
pay  some  toll  to  the  new  sovereign,  which,  besides  gold,  must  have 
consisted  in  merchandise  which  they  brought  back  from  India  and 
Arabia.  If  our  deduction  that  the  Phenicians  continued  their  voyages 
jio  Ophir  before  their  immigration  to  the  Syrian  coast  as  well  as  after 
is  correct^  then  it  stands  to  reason  that  this  was  also  the  case  under 
David's  long  reign,  to  whom  they  would,  after  the  conquest  of  Edom, 
pay  tribute  in  gold  and  other  valuables.  And,  as  a  matter  of  fact, 
the  Bible  tells  of  Ophir  gold  in  the  treasury  of  David,  for  in  I  Chroni- 
cles, xxix,  4,  there  are,  among  other  valuables  consecrated  by  David 
for  the  building  of  the  temple,  also  enumerated  ''3,000  talents  of  gold 
from  Ophir.'' 

According  to  Herodotus,  ii,  44,  the  Phenidans  came  to  Tyre,  or 
foimded  this  city,  2,300  years  b^ore  his  time — that  is,  about  2800 
B.  C. — so  that  title  continuous  seafaring  of  the  Phenicians  from  the 
west  coast  of  AraUa  to  Ophir-India  may  thus  be  followed  back  to  at 
least  3000  B.  C.  At  the  same  time  it  may  be  assumed  with  great 
probability  that  they  sailed  not  only  along  the  Arabian  coast  but  also 
that  of  Africa  southward  (at  least  by  way  of  trial),  and  thus  were,  in 
comparatively  high  antiquity,  also  acquainted  with  the  east  coast 
of  Africa.  We  have  thus  in  our  investigations  as  to  the  age  of  iron- 
working  gained  two  important  data  on  the  seafaring  customs  of  the 
ancients. 

Assuming,  for  instance,  that  the  Phenicians  had,  as  early  as  the 
fourth  pre-Christian  miUenium,  either  themselves  manufactured  iron 
or  imported  the  industry  into  the  Sinaitic  peninsula  from  southern 
Arabia  or  from  Crete,  then  the  dark  men  with  the  supposed  iron 
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weapons  appearing  before  the  Pharaoh,  as  represented  on  the  Egyptian 
miiral  paintings;  could  readily  have  come  from  the  eastern  shore  of  the 
Red  Sea — ^that  is,  have  been  Phenicians;  von  Luschan's  hypothesis 
would  thus  lose  one  of  its  main  supports. 

The  assertion  that  the  dark  people  carrying  blue-colored  objects 
wore  Negroes  may  thus  perchance  be  right,  but  not  necessarily  so. 

(J>)  The  same  is  the  case  as  regards  the  asserticHi  that  the  blue- 
painted  objects  can  only  be  iron  ones,  for  eminent  scholars,  amoDg 
whom  I  may  again  mention  Schweinfurth,  absolutely  deny  that  Uue 
designates  iron  exclusively.  Schweinfurth,  who  points  to  the  blue- 
painted  beards  of  men,^  thinks,  with  Maspero,  that  blue  may  abo 
designate  gray,'  and  when  it  is  recalled  that  arsenical  bronze,  vrtiuAi 
because  of  its  hardness  was  much  used  in  high  antiquity,  is  of  s 
pronounced  gray  color,  there  is  no  reason  why  those  blue-colored 
objects  presented  by  the  dark  men  may  not  have  been  made  of  arsen- 
ical  bronze.    This  assertion,  therefore,  lacks  conclusive  proof. 

(c)  Even  if  the  assumptions  under  (a)  and  (&)  were  admitted, 
the  conclusion  that  the  dark  men  (Negroes)  carrying  the  blue,  or 
supposedly  iron,  objects  must  also  be  the  makers  of  these  utensils  is 
unwarranted.  Such  may  be  the  case,  but  it  is  not  necessarily  so. 
It  would  be  about  the  same  as  if  one  should  assert  that  the  Phenicians, 
who  presented  to  the  Pharaoh  gold  ornaments  obtained  by  them  in 
India,  had  themselves  produced  the  gold  and  worked  it  into  omar 
ments. 

From  the  preceding  it  clearly  follows  that  from  our  present  knowl- 
edge the  old-Egyptian  mural  paintingSL  should  not  be  adduced  as 
proof  of  a  very  early  iron  industry  developed  by  the  African  Negroes. 

I  do  not,  however,  mean  to  deny  an  eariy  native  iron  industry 
among  the  Negroes,  but  to  express  my  astonishment  that  these 
peoples  could  have  remained  through  many  milleniums  with  that 
industry  in  its  most  primitive  stage,  while  all  other  peoples  have 
advanced  and  developed  the  art  to  a  higher  degree  of  perfection. 

Thus  the  first  proof  required  from  von  Luschan,  namely,  that  iron 
working  existed  in  high  antiquity  among  the  Negro  peoples,  may  be 
considered  as  not  having  been  furnished  by  him.  As  to  the  sec<Hid 
proposition,  that  the  assumed  ancient  iron  industry  of  the  Negroes 
was  in  hi^  antiquity  imported  into  Egypt,  the  evidence  can  not  be 
considered  as  adequate  and  conclusive.  But  even  von  Luschan  him- 
self does  not  maintain,  much  less  try  to  prove,  that  this  supposed 
imported  industry  from  the  Negro  lands  was  in  any  way  practically 
exploited  in  ancient  Egypt,  so  that  there  were  old-Egyptian  black- 

1  Compare  Zeitschr.  Ethnol.,  1906,  pp.  63, 64. 

*  Von  Lnaohan  himaelf,  in  Zeitschr.  EthnoL,  1909,  p.  48,  points  oat  that  the  god  Amon  is  painted  bloe. 
which  he  declares  himself  to  be  unable  to  explain;  bat  this  does  not  prevent  him  from  catefQ^ically  dealr 
Dating  as  iron  ores  other  bloe-painted  objects  on  the  same  painting. 
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smiths  and  locksmiths,  armorers,  etc.^  He  merely  maintains  that 
the  ancient  Egyptians  had  a  knowledge  of  iron. 

And  here  we  come  at  last  to  the  core  of  the  whole  discussion.  It 
is  entirely  miimportant  in  the  development  of  the  iron  industry 
among  the  peoples  of  ancient  civilizations,  whether  the  Egyptians  had 
occasionally  or  often  seen,  or  even  sometimes  used  an  iron  instrument. 
The  main  question  is  rather,  whether  they  knew  how  to  manufacture 
iron  objects  and  actually  spread  this  knowledge  in  a  practical  manner 
among  other  peoples.  For  a  knowledge  which  one  neither  himself 
practically  employs,  nor  communicates  to  other  people  for  practical 
use,  but  rather  keeps  ''under  a  bushel,"  is  of  no  value  in  the  cultural 
development  of  mankind.  And  this  would  be  the  case  with  the 
ancient  Egyptians  if  they  really  had  obtained  a  knowledge  of  iron- 
working  from  their  southern  Negro  neighbors,  for  it  has  not  yet  been 
proven,  and  is  stron^y  disputed  by  Schweinfurth  and  others^  that  there 
were  early  Egyptian  iron  makers  and  workers.  And  that  they  did 
not  communicate  to  other  peoples  a  knol^ledge  of  ironworking,  which 
is  falsely  ascribed  to  them,  can  be  shown  by  two  instances.  On  the 
one  hand,  the  Jews  bring  no  knowledge  of  iron  from  Egypt,  nor  do 
they  designate  the  Egyptians  as  the  masters  and  inventors  of  bronze- 
work  and  ironwork,  but  rather  the  Canaanite  Tubal-cain  (Genesis  iv, 
22) .  On  the  other  hand,  the  Greeks,  likewise,  who  gratefully  enumer- 
ate the  benefits  the  Egyptians  have  bestowed  on  mankind  and  them- 
selves, are  absolutely  silent  about  the  Egyptians  as  propagators  of  a 
knowledge  of  ironworking  and  rather  name  the  Cretans  as  the  oldest 
iron  manufacturers  and  mechanics. 

Thus  it  is  seen  that  all  the  asserted  proofs  as  to  the  mediatorship 
of  the  Egyptians  in  the  spread  of  a  knowledge  of  the  iron  industry 
fail  when  put  to  the  test  of  a  keen  scrutiny.  In  the  face  of  this  main 
result  of  our  investigatior  it  is  of  little  importance,  whether  or  not 
the  Egyptians  in  hoary  antiquity  came  across  an  iron  object  which 
was  the  product  of  a  chance  manufacture.  The  question  raised  by 
me  was  as  to  the  actual  ''inventors  of  ironworking,"  and  the  isolated 
appearance  of  such  iron  objects  as  owe  their  existence  to  a  chance 
production,  are  not  to  be  considered.  Ironworking  begins  with  the 
purposeful  manuf  acting  of  articles  of  iron,  whose  inventors  we  endeavor 
to  discover.  It  would  be  very  encouraging  if  other  investigators 
would  follow  up  the  traces  pointing  to  Crete,  as  indicated  by  me — 
especially  by  carefid  excavations — which  in  the  meantime  have  been 
most  auspiciously  corroborated  by  the  traditions  of  the  Greeks  and 
Romans. 

Let  us  consider  the  Sndus  a  moment  longer. 

>  Sohweinfurth,  however,  very  eoeisetioaUy  disputes  such  an  liypoUieeis;  oompere  Zeitaohr.  EUmoL, 
U06,pp.61-«2. 
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Blanokenhom  maintaiiied  (ZoitsGlur.  EUmoL,  1907,  p.  368)  that 
iron  was  generally  known  in  India  at  least  as  early  as  1500  B.  C, 
but  he  was  unable  to  produce  proob  for  this  aaasitiony  and  as  liiUe 
was  O.  C)i^>ert  able  oonoluaiYely  to  proye  tiiat  it  was  known  as  early 
as  1000  B.  C.^  It  was  merely  a  oonvietioa  ot  Oppert  which  he  eouU 
aqpie  with  probable  reasons,  but  not  support  with  positive  proob. 
Hence  I  would  emphasize  the  statement  that  iron  finds  made  in 
strata  of  old  East  India  ruins  of  the  tenth  to  fifteenth  pre4^!hiiBtiAa 
centuries  do  not  justify  the  conclusion  that  there  existed  a  native 
iron  industry  among  the  BQndus.  Such  objects  only  prove  that  the 
ancient  Hindus  were  acquainted  with  iron  utensils,  but  not  that  thqr 
actually  made  them«  We  hare  few  accounts  of  the  use  of  iron  by 
the  Hindus,  and  these  scarcely  favor  the  assumption  of  a  native  irai 
industry,  but  rather  suggest  that  the  Hindu  iron  utensils  of  the  tenth 
to  fifteenth  centuries  B.  C.  w^re  foreign  importatioDs,  and  the 
Phenioians  will  probaUy  have  to  be  eonsid^red  as  the  importeis  of 
such  iron  manufactures.  For  in  my  opinion  it  has  been  proven  abeve 
that  the  Phenicians  at  least  as  ear|y  as  3000  B.  C.  had  regular  com- 
mercial relations  with  India  which  they  carried  on  from  Eloth-Aelana 
on  the  Red  Sea.  If,  then,  at  the  period  1300  B.  C,  iron  aiid  sted 
utensils  were  practically  unknown  to  the  !BQndus,  as  may  well  be 
assimied,  while  among  the  Phenicians  they  wen  objects  of  oonmum 
barter,  it  seems  natural  that  the  latter  carried  such  articles  to  InjdiA 
to  use  for  barter.  It  is  therefore  not  only  not  impossible  but  very 
probaUe  that  in  excavations  in  India,  especially  on  the  sites  of  ba^ 
bora,  such  solated  imported  Phenioian  iron  and  steel  articles  will  be 
found. 

As  regards  an  iron  industry  among  the  Chinese,  I  have  thus  fir 
not  come  across  any  views  of  sinologues  on  our  problem.  This  indif- 
ference of  the  students  of  Chinese  history  is  regrettable  f<^  the  prog- 
ress of  this  investigation,  the  more  so  since  China  is  probably  to  be 
looked  upon  as  a  second  independent  source  of  a  native  iron  industry 
and  so  also  of  independent  inventors  of  iron  implements. 

Such  contributions  as  anthropologists,  ethnologists,  historians,  and 
naturalists  could  make  to  the  elucidation  of  our  problem  have  to  a 
great  extent  been  presented,  but  as  to  the  cooperation  of  philologians, 
there  is  much  left  to  be  desired  from  theuL  A  great  desideratum  is 
an  examination  of  the  cuneiform  texts  for  the  first  mention  of  iron, 
and  of  possibly  still  greater  importance  is  a  study  of  the  EgyptiaB 
inscribed  monuments  for  the  same  purpose.  On  the  other  hand, 
comparative  philology  could  in  many  cases  indicate  the  way  in  which 
different  peoples  became  acquainted  with  the  metal  and  at  the  same 
time  received  and  adopted  its  name.    It  is  probable  that  the  name 

>  Zeitsohr.  EthnoL,  1008,  p.  €0. 
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given  the  metal  by  the  inventors  of  ironworking  migrated  along  with 
the  metal  to  very  many  peoples,  and  philologians  could  therefore- 
render  valuable  help  in  the  search  for  the  earUest  iron  industry. 

I  can  not  close  this  discussion  without  referring  with  special  satis- 
faction to  von  Luschan's  lucid  and  thorough  treatise  on  African  iron- 
working  and  the  furnace  apparatus  and  blowing  apparatus  employed 
by  the  Negroes.^  A  continued  comparison  of  these  utensils  with 
those  in  use  among  peoples  of  other  continents,  will  doubtless  yield 
some  important  conclusions  as  to  the  age  and  peculiarity  of  iron- 
working  among  the  Negroes  as  well  as  among  other  peoples.  Simi- 
larly, we  gratefully  hail  the  investigations  of  Obhausen,  Grosse, 
Busse,  Erause,  and  Giebeler  *  of  the  quarrying  of  iron  in  prehistoric 
time,  especially  in  Germany,  which  are  valuable  contributions  to  oiu* 
question.  Although  I  can  not  agree  with  these  investigators  on 
every  point,  I  am  glad  to  state  that  on  the  principal  questions  there 
is  general  agreement.  In  the  near  futiu:e  I  hope  to  present  a  separate 
study  on  the  chemico-technological  side  of  the  quarrying  of  iron  and 
of  metals  in  general  in  antiquity. 

>  Zettabhr.  SthnoL,  1900,  pp.  23-63.  s  Zeltwhr.  BthnoL»  1909,  pp.  00-101. 
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By  A.  LissAUEB.^ 


While  traveling  in  Algeria  a  year  ago  for  recreation  the  only  object 
I  had  in  view,  like  all  tourists,  was  to  receive  the  passing  impressions 
of  landscape  and  art  as  they  offered  themselves  along  the  road. 
Soon,  however,  there  was  pressed  upon  my  attention  many  interest- 
ing questions  about  the  historic  and  prehistoric  periods  of  the  coun- 
try. I  could  not  resist  their  fascination,  and  thus  I  became  more  and 
more  engaged  in  studying  the  archeological  and  anthropological 
problems  which  the  natives  of  Algeria  and  the  surrounding  coun- 
tries, the  home  of  the  Kabyles,  offer  to  the  investigator.  I  pass  over 
the  numerous  beautiful  monuments  of  historic  time,  for  they  are 
described  in  every  guidebook. 

But  besides  these  memorials  of  the  ten  invasions  of  various  peo- 
ples of  historic  time,  from  the  Phenicians  to  the  French,  there  exist 
in  north  Africa  thousands  of  megalithic  tomb  structures  about  which 
history  has  nothing  to  say.  Some  of  them  fully  resemble  those  of 
Europe ;  others  are  peculiar  to  that  region. 

These  megalithic  monuments  may  be  divided  into  two  classes: 

I.   DOLMEN,  MENHIB,  AND  CBOMLECH,  AS  THET  ALSO  OCCUR  IN  EUROPE. 

1.  In  Morocco  there  were  still,  in  1876,  about  70  dolmens  pre- 
served in  five  groups  between  the  Straits  of  Gibraltar  and  the  River 
Loukhos  (the  Lixus  of  the  ancients),  and  ^t  Beni  Snassen,  on  the 
frontier  of  Algeria.  A  group  of  about  40  menhirs,  which  as  late  as 
1830  numbered  90,  was  also  in  Mzora,  south  of  Tangier;  finally,  there 
were  then  still  in  existence,  west  of  Fez,  a  number  of  cromlechs.  The 
tombs  are  hidden  in  a  hill  so  that  only  the  stone  covers  are  exposed 
on  the  surface.    They  contain  crouching  skeletons  and  coarse,  poorly 

1  Translated,  by  permission,  from  the  German:  ArcIiAologiscbe  und  anthropologische 
Studien  aeber  die  Kabjlen.  Von  A.  Lissaner,  Zeitschrlft  fdr  Ethnologle,  toI.  40,  part  4, 
1908.    Berlin,  1908,  pp.  G01-{(29. 
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made  potsherds,  intenniiigled  with  coal.    Alongside  of  a  dohnen  lay 
three  silex  axes  and  a  crude  figure  of  reddish  sandstone. 

2.  In  Guyotville,  near  Algiers,  only  nine  out  of  several  hundred 
dolmens,  which  in  the  middle  of  the  last  century  were  still  standing 
upright  and  since  then  carried  off  by  inhabitants  for  house  building, 
are  now  preserved  in  perfect  condition.  These  were  saved  throu^ 
the  interest  of  the  late  Grerman  professor,  Kuester,  an  instructor  at 
the  Lyceimi,  in  Algiers,  who  acquired  these  remnants,  together  with 
a  vineyard.  One  dolmen  contained  two  crouching  skeletons,  the 
bones  of  a  child,  a  bronze  bracelet,  and  potsherds. 

3.  At  Bou  Nouara,  near  CcMistantine,  on  the  road  to  Guelma,  there 
is  a  large  number  of  dolmens,  mostly  surrounded  by  stone  circles 
(pi.  1) ;  as  also  at  Signs  (pi.  2  and  pi.  3,  fig.  1),  Ksar  Mahidjiba 
(pi.  3,  fig.  2),  and  El  Kheneg,  all  in  the  neighborhood  of  Constan- 
tine. 

4.  At  Bou  Mensoug,  near  Oiilad  Rahmoun,  there  are  aboat  1,000 
dolmens,  inclosed  by  one  or  more  stone  cirdes.  Their  oontents  con- 
sisted of  cowering  skeletons,  accompanied  by  copper  rings,  pots, 
bowls,  and  horse  bones.  One  tcHnb  contained  iron  rings,  copper  rings, 
and  plates,  fragments  of  worked  flint,  potshextls  of  very  fine  day, 
and  a  bronze  medal  of  Faustina. 

5.  At  Roknia,  on  the  road  from  Guelma  to  Hammon  Meskoetine, 
there  are  several  thousand  dolmens,  with  ccmtents  «imila.r  to  the 
preceding. 

6.  At  Henchir  el  Hadjar,  in  the  temiary  of  Enfida,  in  die  regeacy 
of  Tunis,  there  were  still  preserved  in  1904  about  400  dcdmens,  mostly 
passage  graves,  often  surrounded  with  cnmiledifi  or  stone  rirdes. 
The  tombs  are  often  built  entirely  in  the  grouAd,  so  that  only  the 
flat  stone  cover  on  the  surface  indicates  the  tcmib.  They  oomptise 
up  to  six  stone  chambers,  each  with  a  threshold  stone,  and  contain 
crouching  skeletcms  of  both  saxes  with  platyknemic  tibia  and  pot- 
sherd& 

7.  Still  farther  south  the  existence  of  megalithic  mcmuments  has 
been  discovered;  as  a  cromlech  of  the  expedition  Choisy  at  Ain 
Messine,  between  Laghouat  and  El  Golea,  and  a  dolmen  of  Jc^ston 
in  Uganda. 

n.   MEGALTTHIO  MONUMENTS  PECUMAR  TO  THE  I^AND  OF  THB   KABTXB8. 

Only  the  most  important  will  be  mentioned  here. 

1.  Quadrangular  gigantic  chambers  at  Ellez,  in  the  neighborhood 
of  Le  Kef  in  Tunis.  They  are  chambers  of  four  large  stone  plates, 
with  doors  imd  small  windows  in  the  doorplates.  Two  rows  of  five 
sudi  chambers  each  are  separated  by  a  passage  and  covered  with 
stone  plates  in  form  of  a  gable  roof.  The  general  entrance  to  the 
cemetery  is  closed  with  four  large  stone  plates. 
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Plate  2. 


Dolmen  at  Siqus,  Alqeria. 


Dolmen  at  Sigus,  Alqeria. 
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2.  Oven-shaped  tombs  of  large  stone  plates,  forming  a  yault  whose 
upper  keystone  is  supported  by  two  very  large  stone  plates  at  the 
entrance*  These  tombs  are  seen  at  Hammam-Soukhra,  in  the  region 
of  Elkz. 

3.  Clone-shaped  tombs,  the  largest  megalithic  monuments  in  the 
country,  are  foupd  at  Henchir-el-Assel,  in  the  territwy  of  Enfida, 
Tunis.  They  consist  of  two  concentric  circles  of  large  stone  plates 
1.5  meters  apart  and  are  covered  with  a  cone-shaped  roof  in  such  a 
way  that  the  top  of  the  roof  is  a  flat  cone  whose  apex  is  formed  by 
the  lai^e  stone  cover  of  the  grave  diamber.  Hamy  found  here  106 
sudi  tombs,  in  various  states  of  preservaticm,  the  largest  of  which 
measured  19  meters  in  diameter.  These  prehistoric  structures  are 
evidently  the  prototypes  of  the  beautiful  Mauretanian  royal  tombs  of 
Medracen  near  Batna  and  of  the  so-called  Tombeau  de  la  Chretienne 
near  Algeria,  the  models  of  which  have  been  set  up  in  the  Trocadero 
at  Paris  and  in  the  museum  of  Algiers. 

4.  "  Senam  " — that  is,  stone  circles  with  a  niche-shaped  entrance- 
have  been  investigated  by  Maciver  and  Wilkin^  at  Msila  in  Algeria, 
wh^re  about  100  can  still  be  seen,  although  the  Arabs  have  been  for 
a  long  time  carrying  away  the  stone  plates  for  building  purposes. 

Besides  those  named  above  there  is  still  a  series  of  other  mega- 
lithic monum^its  which  have  been  described  by  Letoumeux,*  and 
will  be  here  merely  mentioned.  They  are  the  "  Bazina,"  which  ap- 
pear to  res^nble  the  Senam;  then  the  ^^  chouchet,^'  tower-i^ped 
structures,  which  have  especially  become  known  in  the  Aur^  and 
Hodna,  and  finally  the  "  Hanouat "  or  rock  tombs,  as  they  are  known 
in  Sicily. 

On  the  question  as  to  what  period  these  monuments  belong,  only 
excavations  can  give  an  answer.  Unfortunately  till  now  only  a  lew 
tombs  in  proportion  to  their  great  number  have  been  explored.  Only 
this  much  is  fully  known  concerning  them,  namely,  that  they  contain 
sitting  crouching  skeleton^,  accompanied  with  potsherds  and  rings  of 
"  copper  "  and  of  genuine  bronze.  Near  one  dolmen  lay  also  three 
silex  axes  and  a  crude  stone  figure.  On  the  other  hand,  one  dolmen 
contained  rings,  a  bridle,  a  bit  of  iron,  and  a  coin  of  Faustina.  While 
thus  the  larger. number  of  dolmens  containing  accompaniments  (12) 
must  be  ascribed  to  the  stone  or  bronze  age,  one  at  least  belongs  to 
the  Koman  period.  It  is  true  that  further  investigations  may  show  . 
that  a  great  many  of  these  megaliths  were  ^ill  in  use  during  the  iron 
age — but  the  conclusion  that  they  were  already  in  vogue  in  the  bronze 
age  can  no  longer  be  disputed. 

^  Randall-MadTer  and  WIlMn,  Libyan  Notes,  p.  78  ff. 
sArchlv  tor  Anthropologle,  U,  p.  307  ff. 
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The  study  of  the  skulls  from  the  dolmens  in  BocknU  (30)  and 
Guyotyille  (2),  in  two  of  which  the  ^reftteei  width  ooold  not  be  ac- 
curately measured,  resulted,  acecHrding  to  the  German  diyision,  in 
60  per  c^t  dolichocephalic  skulls,  30  per  cent  mesocephalic  and  10 
per  cent  brachjcephalic,  thus  indicating  a  preponderance  of  dolicbo- 
and  mesocephalic  people. 

The  significance  of  this  result  will  be  dwelt  upon  furilier  on. 

Besides  these  megalithic  mcmuments  there  are  also  numerous  re- 
mains of  a  paleolithic  and  neolithic  people  in  north  Africa.  That 
Africa  had  a  stone  age  was  proved  in  1882  by  Andree,^  and  since  th^ 
this  fact  has  been  frequently  confirmed.  Through  the  weU-known 
expedition  of  Foureau-Lamy,  as  also  through  Pallary,  Ferrand,  and 
Flamand,  large  collections  of  the  earlier  and  later  stone  age  became 
known,  part  of  which  is  preserved  in  the  museum  at  Algiers.  An 
excellent  survey  of  the  latter  is  given  by  Flamand.'  These  finds 
ccmie  chiefly  from  the  highland  in  southern  Oran  and  the  Sahara  as 
far  as  the  regions  of  the  Tooarceks  and  consist  of  celt  axes,  mousder 
points  and  scrapers,  and  laurel -leaf -shaped  arrow  points;  further, 
polished  stone  axes  of  the  common  sort  and  of  the  doable  obconic 
form  (hache  en  boudin) ;  then,  especially  at  Ouargla,  in  southern 
Algeria,  numerous  arrow  points  of  the  known  forms  as  wdl  as  also 
of  a  peculiar  shield-shaped  kind,  with  long  point  and  handle  (pointes 
k  6cusson) ,  also  points  with  transverse  edges  and  a  kind  of  harpnn 
(hameQon  double),  finally  large  speariieads — all  of  silex  or  siliceous 
limestone;  besides  pearls  made  of  shells  and  ostrich  eggs,  pcdidiing 
stones,  millstones,  and  other  objects. 

Flamand  also  discovered  anew  in  south  Oran  a  large  number  of 
stone  engravings  and  published  an  instructive  survey  of  these  monn- 
ments  in  north  Africa,  of  which  those  with  Kabyle  inscriptions  and 
representations  of  extinct  animals  are  especially  important.* 

Hamy  likewise  came  across  many  neolithic  finds  in  southern  Turns. 
Among  these,  remnants  of  earthenware  are  rare  though  very  instruc- 
tive because  they  were  built  up  or  molded  in  baskets,  so  that  they 
retain  an  impression  of  the  texture  as  an  ornament.  In  the  pursuit 
of  his  investigations  he  found  that  only  the  baskets  of  the  Somalis 
continue  to  bear  the  same  ornament  as  the  vessels  of  the  neolithic 
stations  in  the  Sahara  and  in  southern  Tunis. 

If  we  inquire  what  people  left  all  these  remains  of  their  existence 
we  are  confronted  by  great  difficulties.  This  much  is  clear,  it  must 
have  been  a  settled  people,  spread  over  all  of  northern  Africa  from 
Tripolis,  or  certainly  from  the  Gulf  of  Gabes,  to  the  Atlantic  Ocean. 
As  evidence  of  this  the  great  number  of  monuments  still  surviving 
speaks  in  clear  and  unmistakable  language* 

^  Globus,  1S82,  p.  196  ff. 

•Revile  Alricalne,  1906,  No.  261,  262,  p.  204  If. 

•In  the  pQbUcatlons  of  the  8oci^«  d'Anthzopologle  de  Lyon,  1901,  p.  5  ff. 
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Herodotus  (i,  iv,  especially  168)  relates  in  legendary  manner  that 
north  Africa,  from  Egypt  to  the  Pillars  of  Hercules,  was  originally 
inhabited  by  the  Libyans,  who,  however,  were  divided  into  many 
tribes  whose  names  can  not  now  be  positively  identified.  Sallust 
(De  bello  Jugurtino,  18) ,  who  drew  from  the  lost  writings  of  Eling 
Hi^npsal  11  of  Numidia,  relates  that  the  aborigines  of  north  Africa 
near  the  seacoast  consisted  of  Libyans,  while  south  of  these  were  the 
Graetules.  Later,  however,  Armenian,  Median,  and  Persian  immi- 
grants from  western  Asia,  who  supposedly  had  gone  with  Hercules 
to  Spain  and  after  his  death  were  scattered,  invaded  north  Africa 
and  were  entirely  absorbed  by  the  natives.  The  Persians  amalga- 
mated with  the  Gaetules  and  called  themselves  Nomads,  whence  the 
name  Numidians  originated ;  the  Armenians  and  Medians  united  with 
the  Libyans,  who  corrupted  the  name  Medians  into  Moors.  Later, 
however,  the  Numidians  subjected  all  the  other  tribes  and  formed  a 
people  under  one  name.  Thus  the  region  was  found  by  the  first 
historic  invasion  of  the  Phenicians. 

From  this  people  descended  the  modem  Berbers,  who  according  to 
the  genealogical  tribe  legends  of  the  Berani,  a  Berber  tribe  of  fair 
complexion,  were  called  in  antiquity  Barbari,^  they  themselves,  how- 
ever, being  designated  as  Kabyles,  aft«r  the  native  word  "  Kabila,'' 
that  is,  "  a  union  of  several  Gurbi  (small  huts)  on  one  point'' 

Without  discussing  the  legendary  etymology  of  the  name  of  the 
people,  we  may  conclude  from  this  account  that  even  before  the  in- 
vasion of  the  Phenicians  there  was  an  invasion  from  western  Asia, 
and  that  the  aborigines  of  the  Libyans  and  of  the  Gaetules  did  not 
represent  a  pure  stock.  If  it  is  now  recalled  that  after  the  Phe- 
nicians there  immigrated  Greeks,  Romans,  Jews,  Vandals,  Byzan- 
tines, Arabs,  Turks,  Spaniards,  and  French,  who  more  or  less  inter- 
mixed with  the  natives,  it  seems  impossible  to  distinguish  and  anthro- 
pologically determine  the  aborigines  from  the  present  inhabitants. 

Fortunately  some  Kabyle  tribes  have  from  ancient  times  protected 
themselves  by  their  love  of  freedom  from  subjection,  and  through 
their  pride,  from  any  intermixture.  Betreating  to  the  highest  points 
of  tile  Atlas,  whither  enemies  could  not  pursue  them,  they  preserved 
their  independence,  the  purity  of  their  race,  and  their  old  language, 
the  "  Tamazirt,"  although  they  exchanged  their  own  original  script, 
the  "Tifinagh,"  for  the  Arabic,  and  their  original  religion  for  the 
Islam. 

The  language  of  the  Kabyles,  the  Tamazirt,  which  has  been  thor- 
oughly studied  by  Basset,  belongs  to  the  great  Libyan  family,  of 
which  already  40  dialects  are  known,  among  which  is  included  the 
ancient  language  of  the  Guanches  in  Teneriffe.    It  extends  from 

1  Cles,  Sallust,  Der  Krleggegen  Jugurtha.      Berlin,  Langenscheidt,'  p.  112  ff. 
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Senegal  to  north  Africa,  and  oolainly  from  Morocco  to  Tunis,  but 
the  peculiar  script  is  in  present  use  only  among  the  Tooarc^s. 

Tamazirt  is  closely  related  to  the  language  of  the  Copts,  the  Nu- 
bians, and  the  Somalis.  It  thus  belongs  to  the  Hamitic  language 
group  and  also  exhibits  a  certain  relationship  with  the  Semitic,  but 
absolutely  none  with  the  Indo-German  language  group. 

These  pure  Kabyles  are  found  only  upon  tiie  highest  points  of  the 
inhabited  Atlas,  in  the  Rif  of  Morocco,  in  the  great  Kabylia  of 
Algeria,  in  the  Amis  and  in  Enfida  in  Tunis.  Those  in  tiie  Bif 
have  been  studied  by  Tissot  ^  and  Quedenfdd  *;  those  of  the  Auife, 
where  they  call  themselyes  Shania,  by  Laritique*  and  MaciTcr- 
WiUrin  *;  and  those  of  Tunis  by  CoUignon •  and  Hamy  •.  To  obtain 
a  closer  personal  knowledge  of  them,  I  made  a  trip  to  the  great 
Kabylia,  as  I  had  the  good  fortune  to  secure  as  a  guide  a  nstire 
Kabyle,  a  servant  at  my  hotel,  who  was  very  intelligent  and,  besides 
his  mother  tongue,  was  well  versed  in  Arabic  and  French. 

The  country  of  the  great  Kabylia — that  is,  that  part  of  the  Atlas 
which  attains  its  highest  point  in  the  Jurjura,  extends  from  Haus- 
sonville,  on  the  railroad  from  Algiers  to  Tizi-Ouzon,  and  Bougie  in 
the  north,  and  Beni  Mansour  in  flie  south  ^  (pL  4,  fig.  1). 

The  Jurjura,  rising  to  a  Height  of  8,208  meters,  and  till  far  into 
the  summer  covered  with  ice  and  snow,  forms  an  imposing,  pic- 
turesque,' connected  chain  of  mountains,  separated  frcxn  one  another 
by  deep  ravines.  Around,  and  partly  parallel  with  them,  run  othor 
ranges  of  high  mountains  likewise  cut  by  deep  ravines.  All  the 
waters  from  the  Jurjura  are  gathered  in  the  Sebaou,  whidi  at 
Dellis  falls  into  the  sea.  The  deep  precipices,  whidi  rise  steeply  to 
a  height  of  180  to  2,000  meters,  are  closely  planted  dear  to  the  tc^ 
with  vines,  figs,  olive  trees,  wheat  or  barley,  ash,  oak,  and  euca- 
lyptus, and  the  ridges  and  adjoining  slopes  are  so  closely  settled 
with  villages  that  the  population  attains  here  a  density  of  172  to  190 
to  the  square  kilometer,  which  surpasses  even  tJiat  of  Holland,  the 
second  most  densely  populated  country  in  Europe,  with  only  149  to 
the  square  kilometer  (pi.  4,  fig.  2). 

The  center  of  this  entire  country  is  Fort  National  (pi.  4,  fig.  1),  a 
fortress  established  in  1857,  through  which  the  French  Grovermnent 
dominates  the  entire  Kabylia — it  is  therefore  also  called  by  ttie  peo- 

»  Revue  d'Anthropologle.  v.  1876,  p.  390  ff. 

« Zeltschrift  tner  Ethnologle,  188S-0. 

•Theobald  Pitcher,  Mlttelmeerbllder.  N.  P.  1908,  p.  890. 

*  Wilkin,  Among  the  Berbere  of  Algeria,  p.  67  ff.  and  Hadyer-WUklm,  lAbjmm.  Notes, 
p.  23  ff. 

•MaterUux  poor  I'htetolre  de  THomme,  1887,  p.  172  ff. 

•  La  Tunlsie  au  d^ut  du  XXme  aitele,  1904,  p.  1  ff. 

» I  am  indebted  for  the  following  cnts  with  one  exception  to  the  photographs  taken  by 
M.  Achard  in  Port  National,  in  whose  store  I  bon^t  them. 
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Plate  3. 


Dolmen  at  Siqus,  Algeria. 


Dolmen  at  Ksar  Mahidjiba,  Algeria. 
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Plate  4, 


Density  of  Kabyle  Villages. 
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pie  ^a  them  in  the  eye  of  the  Kabylia/'  Modem  cities  are  un- 
known to  the  Kabyles,  who  live  only  in  villages  of  varying  size. 
The  Frendi  started  establishing  cities  in  the  neighborhood  of  the 
larger  village  settlements  in  order  to  create  appropriate  residences 
for  the  military  and  civil  officials,  thus  in  Tizi-Ouzon,  Fort  National, 
Michelet  and  others. 

The  Kabyle  villages  ccHisist  merely  of  low,  staUelike  huts,  whose 
walls  were  originally  constructed  of  poles  of  about  the  thicbiess  of 
an  arm,  and  rude  branches  of  olive  trees,  eucalyptus,  and  ash  were 
then  intertwined  with  their  ramage,  plastered  and  made  tight  with 
clay,  all  being  erected  without  any  rule  or  system.  The  walls  sup- 
port a  slanting  roof  with  coping  made  of  branches  and  straw,  with 
no  outlet  for  the  smoke  (pi.  5,  fig.  1).  A  wooden  door  opening  into 
the  dwelling  does  service  likewise  for  window  and  dbiimney.  These 
^^ brushwood  huts''  are  low  and  small,  about  8  meters  in  breadth  and 
length  and  2  to  2.5  meters  high,  and  are  commonly  designated  by  the 
French  as  "gurbi,''  while  in  Kabyle  they  are  called  "acham." 

In  the  interior  the  floor  of  day  is  without  covering.  More  or  less 
in  the  center  is  the  fireplace,  a  small  depression  of  about  0.5  meter 
in  diameter,  on  whose  edge  lay  three  stones  on  which  rest  the  pots 
for  cooking. 

Within  the  hut,  usually  at  the  entrance,  are  stalls  for  the  cattle 
(mule  or  sheep).  At  the  opposite  side  of  the  rocon  is  a  kind  of  clay 
bench,  which  serves  as  a  sleeping  place  (in  Kabyle,  ^  tirarrard '')  for 
tiie  family,  being  covered  for  the  night  with  any  suitable  material. 
Above  the  bed  for  the  cattle  agricultural  implements  and  tools  are 
stored,  and  on  the  other  walls  are  places  for  holding  household  uten- 
sils, clothing,  ornaments,  and  other  objects. 

This  primitive  style  of  architecture  has  been  steadily  disappearing 
since  the  French  occupation.  But  there  are  still  many  villages  that 
consist  only  of  such  ^^  brushwood  "  huts.  The  walls  of  the  houses  are 
now  generally  constructed  of  stones  (pL  6,  fig.  2;  pL  6,  fig.  1),  the 
roof  is  covered  with  tiles,  and  in  single  rare  cases  supplied  with  a 
chimney.  In  the  interior  of  the  houses,  however,  the  arrangement 
and  furnishings  have  not  changed. 

So  also  the  bams  for  drying  of  hay  and  straw  are  still  built  like 
the  old  achams  (pi.  6,  fig.  2),  only  that  they  are  round,  the  roof  um- 
brella-shaped, and  the  walls  not  so  carefully  made  tight  as  in  the 
dwellings. 

The  homes  of  the  richest  Kabyles,  like  those  of  the  French,  are  now 
constructed  in  Moorish  style,  so  that  it  may  be  expected  that  by 
another  generation  the  primitive  brush  huts  will  entirely  disappear. 

Coffee  houses  are  very  numerous  and  are  built  in  the  same  manner 
as  the  private  dwellings,  only  of  larger  size. 
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The  rillmge  streets  are  ge&ermlly  nothing  more  than  gutters  washed 
ooi  by  the  rain,  without  repair  or  improremoit.  In  the  center  of  tiie 
▼ilhige,  however,  there  is  a  large  free  q>aoe  or  square  where  the  old 
men  croncfa  or  lie  down  and  indulge  in  story  telling.  Here  also 
stands  the  commiinal  house,  the  ^  tuseet^^  its  oonstamcdcm  the  same 
as  other  buildings. 

The  Kabyle  men  (pi.  7)  are  sturdy  and  are  exceedingly  hardy 
in  withstanding  priyations  and  the  iidtuenoes  of  the  weather.  Hero- 
dotus aays  (L  4, 187) :  ^  The  Libyans  are  in  fact  the  healthiest  men 
that  I  know.**  Tliey  are  slender  and  of  medium  height,  although 
persons  over  180  centimeters  tall  are  not  very  rare,  yet  undarsiRd 
and  weak  ones  are  hardly  ever  seen.  Prengrueber '  gives  the  results  of 
measurements  of  294  pure  Kabyles  as  follows:  28.9  per  cent,  181-188 
centimeters;  46.6  per  cent,  164-170  centimeters;  24.6  per  cent,  171-175 
centimeters;  minimum,  150  centimeters;  maximum,  185  centimeters. 

The  Kabyles  have  a  dignified  carriage,  but  are  not  conceited  or 
haughty  like  the  Turks  and  Arabs.  The  color  of  their  skin  <m  the 
uncovered  parts  of  the  body,  as  the  &ce,  hands,  and  feet,  whidi  are 
exposed  to  the  sun,  is  brown,  and  oftofi,  amcmg  the  field  wortiers, 
dark  brown,  but  <m  the  covered  parts  it  is  white,  as  with  the  Euro- 
peans. They  are,  therefore,  as  regards  their  bodily  diaracteristics, 
wrongly  counted  among  the  Hamites,  who  are  brown  over  the  entire 
body,  and  transmit  this  diaracter  to  their  diildren,  as  I  learned  by 
observing  a  new-bom  Scmiali  diild.'  The  eyes  are  generally  brown 
(88.6  per  cent,*  of  which  41.3  per  cent  are  dark  brown,  47.3  per  cent 
light  brown) ;  the  hair  is  black  (74.2  per  cent,  59.7  per  cent  deep 
black,  14.5  per  cent  black  brown).  The  face  is  handsomely  oval, 
orthognathic,  the  forehead  high,  t^e  nose  straight  and  wdl-pr<^)or- 
ticmed,  the  mouth  generally  smalL  The  ear  is  not  large,  and  fre- 
quently without  lobes.  The  growth  of  the  beard  is  thick,  but  a  long 
beard  is  rarely  worn ;  so  also  the  hair  of  the  head  is  kept  short.  The 
expression  of  the  face  is  intelligent  and  benevolent. 

The  head  formation  occasionally  exhibits  a  strongly  prominent 
occiput;  rarely  is  the  region  of  the  temples  vaulted.  Narrow  heads, 
inclining  to  dolichocephaly,  are  very  conmum,  and  brachycephal 
heads  are  never  seen.  Prengru^)er  gives  the  following  indices  of 
182  measurements:  of  72.2  per  cent,  86.4  per  cent  were  dolidiocephalic 
up  to  75  and  85.8  per  cent  subdolichocephalic  up  to  77.7;  15.7  per 

^Dr.  Prengnieber  has  been  for  nuuix  yeftn  gOTernment  and  eolonlal  phTstdan  ta  ttm 
great  Kabylia  with  hla  residence  at  Palestro,  and  has  improred  the  opportunity  for  tbe 
anthropolofleal  ttUj  of  the  Kabyles  to  write  a  conprebenslTe  treatise,  whlcb  was 
awarded  the  prise  by  the  Paris  Anthropological  Society,  but  op  to  tibe  present  ham  not 
been  published.  At  my  request  he  readily  placed  the  manoscript  at  my  disposal  with 
permission  to  use  the  data  contained  In  It  for  my  studies.  I  here  express  to  bim  my 
warmest  thanks  for  this  courtesy. 

*  Zeitschrift  fOr  Ethnologle,  1906,  p.  169. 

*  These  statistics  are  everywhere  taken  from  Prengrueber*s  treatise. 
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Kabyle  Houses. 
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Kabyle  Barns. 
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Plate  7. 


Kabyle  Men. 
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cent  were  mesaticephalic  up  to  80;  8^  per  cent  snbbrachycephalic  up 
to  83.3;  and  2.7  per  o^it  brachy cephalic  above  83.8;  minimum,  66; 
maximum,  85. 

The  Eabyle  skull  (pL  8)  in  the  geological  collection  of  the  college 
at  Algiers,  the  fine  photograph  of  which  I  owe  to  the  kindness  of 
Profs.  Fischer  and  Savomin,  has  an  index  at  76.6^  and  is  as  well 
formed  as  the  heads  of  most  of  the  Eabyles. 

On  the  whole  these  people  make  the  same  impression  as  the  southern 
Europeans  and  might  readily  be  regarded  as  Spaniards  or  southern 
Italians  if  they  were  correspondingly  dres^d. 

But  besides  these  black-haired  and  brown-eyed  people  there  are 
also  many  blond  perscms  with  blue  qres  who  make  the  exact  impres- 
sion of  European  northemera  Occasionally  the  color  of  the  hair 
is  rather  reddish. 

Prengrueber  found  the  hair  in  3.34  per  cent  light  brown,  1.67  per 
cent  very  light  brown,  5.20  per  cent  blond,  1  per  cent  ashy  blond,  2J2Z 
per  cent  more  white  (13.44  per  cent) ;  while  the  eyes  in  3.85  per  cent 
blue,  only  with  blond  or  slightly  red  hair;  8.35  per  cent  light  green, 
with  blcMid  or  black  or  light  brown  hair. 

Divergent  are  the  data  of  Faidherbe,^  who  observed  in  Ckmstantine 
10  per  cent  bl<md  Kabyles,  and  of  Madver  and  Wilkin,'  who  in  the 
Aures  likewise  noted  10  per  cent,  while  Tissot,*  who  was  for  a  long 
time  Frendi  ambassador  in  Morocco,  estimated  the  number  of  blonds 
among  the  E^abyles  of  the  Rif ,  of  Tangier,  and  Tetouan  at  at  least 
one-third  of  the  population,  and  Quedenfeld^  even  at  two-fifths. 
On  the  other  hand,  according  to  Bohlfs  and  Quedenfeld  no  blonds 
occur  south  of  Morocco  among  the  Shloh. 

These  blond  Kabyles  so  much  resemble  our  northern  Europeans 
that  according  to  Quedenfeld  they  would  be  simply  taken  for  n(»th 
Oermans,  or  according  to  Madver  and  Wilken  for  Scotchmen  if  they 
dressed  the  same. 

Black  individuals,  genuine  negroes,  are  rare,  but  mulattoes,  prog- 
nathic and  with  gross  faces,  which  indicate  an  admixture  of  negro 
blood,  are  frequent. 

Persons  wiUi  somewhat  curved  nose  are  often  met  with,  so  that 
many  children  and  adults  remind  one  of  the  Jewish  type. 

The  women  are  distinguished  for  their  beauty  (pi.  11,  fig.  1).  As 
they  do  not  veil  their  faces  nor  wrap  their  forms,  as  the  Arab  women 
do,  one  has  opportunity  to  admire  them  in  their  entire  beauty.  They 
are  slender  and  of  medium  height.  The  hair  is  not  cut  and  is  worn 
rather  loosely.  Large,  bony  figures  are  seen  only  among  the  negresses, 
who  live  among  them  as  servants,  or,  though  rarely,  as  wives. 

1  After  Bedus,  Nauyelle  G^ograpble  UniTerscUe,  ISSe,  xl,  p.  SSOff. 

>  Ltbyan  NotM,  1.  e.,  p.  97. 

'Reme  d'AnthropoIogle,  1876,  p.  890. 

« ZeltMhrlft  ftir  Bthnologie,  1888,  p.  llSff. 
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Boys  are  circumcised  at  the  age  of  3  yeara  At  the  age  of  15  bojs, 
as  well  as  giris,  marry. 

The  dress  of  the  Kabyles  is  very  simple  and,  in  Algeria,  is  alike 
for  rich  and  poor  (pis.  9  and  10). '  A  cotton  shirt  is  worn  next  to 
the  skin  and  onr  it  is  a  second  shirt-like  drees  whidi  reaches  to  the 
knees,  and  over  this,  for  men,  a  white  woden  mantle,  a  kind  of 
bumus,  which  likewise  leaves  the  lower  parts  of  the  thighs  free,  and 
in  walking  is  so  draped  that  the  left  arm  rests  as  in  a  sling,  while  the 
right  arm  fnxn  the  elbow  remains  free.  The  wcHnen  usually  wear 
only  the  two  shirts  and  a  kind  of  shawl  wound  as  a  belt  arouiMl 
the  hips;  the  fore  arms  and  lower  thighs  are  entirely  free,  usually 
also  the  feet  Trousers  and  stockings  are  used  neither  by  the  men 
nor  the  women,  but  the  wearing  of  shoes  is  frequently  noticed. 

Upon  the  head  the  men  usually  wear  a  red  fez,  the  shadiiya,  round 
which  a  piece  of  doth  is  wound  in  form  of  a  turban.  Old  men 
sometimes  wter  a  black,  and  the  poor  often  a  white  fez,  over  whidi 
the  head  part  of  the  mantle  is  drawn  in  form  of  a  capoudu 

Their  entire  clothing  is  often  very  dirty  and  ragged  so  that  the 
men  look  as  if  they  had  pulled  an  old  long  sack  over  their  heads  i(X 
their  walking  drcos.  Occasicmally  they  wear  discarded  European 
Tests  or  torn  trousers  that  obviously  produce  a  ludicrous  impression 
on  Europeans* 

In  contrast  to  this  the  hi^er  judges  or  Kadis,  who  were  installed 
by  the  Frendi  Oovemment,  wearing  red  bumuses  often  decorated 
with  many  orders,  and  the  police  officers  in  their  black  (mes,  hij^ 
stockings,  and  shoes,  make  a  dignified  appearance  in  their  picturesque 
costumes. 

With  the  women  the  seccmd  shirt  is  oft^i  dyed  red,  blue,  or  striped, 
so  also  the  head  handkerchief,  which  they  wind  around  the  head  so 
that  the  hair  streams  out  somewhat  wildly  from  beneath  it.  Their 
personal  ornaments  consist  of  simple  pendants  of  silver  filigree, 
corrals,  and  glass  pearls,  which  are  worn  on  the  head,  around  the 
neck,  and  on  the  breast;  or  earrings,  bracelets,  and  anklets  of  silv^; 
rarely,  for  display  at  festivals,  are  the  omam^its  of  a  richer  combi- 
nation. Children  often  wear  a  whole  row  of  amuleta  suspended  fnnn 
the  neck.  The  women  love  finery  but  are  generally  modest  and  IikIus- 
trious. 

The  main  occupation  of  the  Kabyles  ocmsists  in  tilling  the  soil 
Stock  raising  as  an  industry  is  comparatively  insignificant  The 
mule  performs  all  the  work  of  the  horse  or  ass  in  other  regions-4)ut 
there  is  no  lack  of  small  flocks  of  sheep  and  cattie.  Men  imd  women 
are  seen  diligentiy  at  work  in  the  fields. 

The  tilling  of  the  soil  is  chiefly  carried  on  for  the  winning  of 
barley,  wheat,  grapes,  figs,  and  olives,  which  are  all  in  great  demand 
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Kabyle  Woman. 


Kabyle  Woman  Weaving. 
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Kabyle  Woman  Making  Kuskus. 


Kabyle  Woman  Making  Pottery. 
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as  articles  of  trade.  Wine  and  oil  especially  are  exported  in  large 
quantities. 

The  women  also  perform  all  the  domestic  labor,  as  cooking  and 
weaving,  in  the  well-known  primitive  manner  (pi.  11,  fig.  2,  and  pL 
12,  fig.  2).  Pottery  making  is  also  the  special  task  of  the  women. 
The  vessels  are  burnt  and  often  handsomely  painted  in  yellow  and 
red  colors. 

The  men  make  the  filigree  ornaments  of  silver,  the  agricultural 
implements,  and  all  the  things  required  for  house  building. 

The  food  consists  principally  of  bread^  butter,  oranges,  figs,  dates, 
and  rarely  meat.  Peculiar  is  the  kuskus  (in  Kabyle,  soksa),  the 
preparation  of  which  is  somewhat  ccmiplicated.  Into  a  large  dish 
are. put  meat,  a  great  deal  of  pepper,  salt,  some  vegetables,  and 
water.  Over  this  is  a  second  dish  with  a  sieve-like  bottom,  into  which 
flour-^mostly  barley  flour— is  placed.  The  whole  is  then  closed 
with  a  cover  and  put  oa  the  fire.  The  steam  from  the  lower  dish 
pervading  the  flour  effects  the  formation  of  small  balls  (pi.  12,  fig.  1), 
which  are  then  served  in  a  separate  plate  frcmi  the  meat  soup,  but 
which  for  a  European  palate  is  too  strongly  peppered. 

Many  men  and  childr^i  loaf  all  day  in  the  streets  and  coffeehouses, 
the  chUdren,  in  particular,  begging.  But  this  will  soon  diange.  The 
Oovemment  has,  besides  the  building  of  excellent  roads,  undertaken 
a  second  most  important  civilizing  work  in  educational  lines  which 
has  already  produced  good  results.  Beginning  in  1893  primary 
schools  have  been  established  in  which  French  and  Elabyle  children 
are  conunonly  instructed.  Each  school  has  two  classes  and  two 
teachers,  a  Kabyle  and  a  Frraichman,  who  are  trained  in  a  large  semi- 
nary at  Bouzaria,  near  Algiers,  in  both  languages.  As  the  Kabyle 
children  are  very  docile  they  soon  learn  to  read  and  write  Frendi, 
arithmetic,  and  also  the  elements  of  the  natural  sciences  in  order  to 
combat  the  widely  spread  superstiticm.  TTie  Government  grants  each 
school  a  subsidy  of  80  per  cent,  the  rest  is  borne  by  the  municipality. 
Up  to  the  present,  80  such  sdiiools  have  been  established,  whidi 
are  obviously  too  few  for  such  a  dense  population ;  but  the  children, 
who  in  some  cases  have  to  walk  three  kilometers  to  school,  come  gladly 
and  by  their  mannered  behavior  and  knowledge  of  languages  dis- 
tinguish themselves  very  notably  from  those  who  have  grown  up 
wildly.  There  are  also  said  to  be  in  the  larger  places  Kabyle  physi- 
cians and  lawyers  who  have  studied  alongside  the  French.  One  can 
observe  the  rapid  progress  of  the  beneficent  influence  that  French 
civilization  has  exereised  in  this  country.  At  the  same  time  the 
Kabyle  language  is  spared  and  at  present  as  far  as  possible  preserved. 
Under  the  leadership  of  a  well-known  authority  on  the  B^abyles, 
Prof.  Basset,  the  Government  sends  out  scientific  missions  for  the 
study  of  the  various  dialects.    They  have  no  literature,  nor  historical 
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traditions;  they  only  know  that  before  the  inyaaioii  d  latui  thqr 
were  Bommn — further  beck  their  recc^ection  doee  not  ga  On  the 
other  hand,  they  have  many  Eabyle  legends  and  tales. 

As  to  whether  the  ancestors  of  the  modem  Kabylee  were  also  the 
builders  of  the  dolmens,  the  aolj  means  of  detaminii^  are  the  few 
excavated  dolmen  skulls.  It  has  been  seen,  it  is  true,  that  the  pore 
Ejtbyles  are  predominately  dolichocei^ialic  or  mesooei^udicy  and  tliit 
the  20  skulls  which  were  taken  from  the  dolmens  of  Boknia  and 
Ghiyotville  show  approadiingly  the  same  f onn.  Still,  aside  from  the 
fact  that  the  craniological  character  alone  is  not  decisive,  we  can  not 
determine  at  present  whether  the  apparent  relati<m  of  the  skull  fanoB 
to  one  another  will  not  be  dianged  after  hundreds  of  dohnens  ha?e 
been  explored  The  most  that  we  can  now  say  is  that  the  investigi- 
ticHis  thus  far  carried  on  are  not  <^poeed  to  the  assumption  that  Ae 
exi^ored  dolmens  were  erected  by  the  ancestors  of  the  modem 
Slabyles.  The  questicm  of  the  introduction  of  this  custom  will  be 
discussed  later  on. 

No  less  difficult  is  the  answer  to  the  question  as  to  whrther  the  rich 
remains  from  the  stone  age  came  from  the  Eabyles.  According  to 
the  investigation  of  Hamy,  quoted  above,  certain  pots  of  the  stone 
age  (coiTugated  pottery)  show  that  thqr  were  in  the  form  of  baricets, 
such  as  are  at  present  exclusively  in  use  amcmg  the  Somalis.  This 
observation  would  certainly  support  Hamy's  assumptimi  that  the 
people  of  the  stone  age  in  north  Africa  were  related  to  the  Hamitic 
Soinalis,  if  a  conclusion  from  the  similarity  of  culture  f cmns  to  tliat 
of  this  race  were  summarily  permitted. 

Summing  up  the  result  of  all  these  investigations,  the  following 
proposition  can  be  maintained: 

All  pure  Kabyles  in  the  Bif  of  Morocco,  in  the  great  Elabylia,  in 
the  Aurte  and  in  Enfida  in  Tunis  belong  to  the  white  Mediterranean 
race,  and  are  more  or  less  strongly  intermixed  with  blimd,  blue-^ 
individuals  of  northern  European  character.  They  all  speak  a  dialect 
of  Hamitic  language  belonging  to  the  ^  Tamazirt" 

There  arise  four  new  proUems  which  are  of  much  interest  for 
general  anthropology. 

1.  Whence  came  ti[ie  blond  Eabyke?  It  is  easily  comprehensible 
that  the  strange  appearance  of  so  many  blonds  amidst  such  a  sun- 
burnt population  with  blafck  hair  excited  the  attention  of  many 
investigators,  particularly  the  French.  Already  in  1876  Faidherbe 
and  Broca^  taught  that  the  Uonds  were  the  descendants  of  the 
Tamahu  or  northlanders,  who,  acocurding  to  the  famous  inscription 
of  Kamak,  at  about  1400  B.  C*,  advanced  into  nortiiem  Africa  as  fu 
as  Egjrpt  after  Celtic  tribes  had  already,  in  the  fiftee&th  or  sixteenth 

^Reyue  d^Anthropologle,  1876,  p.  898  ff. 
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oentury,  inmugrated  as  far  as  Andalusia.  These  northlanders  had 
also  introduced  from  Europe  into  northern  Africa  the  custom  of 
megalithic  structures,  as  was  also  maintained  by  Bertraad. 

On  the  other  hand,  Shaw  ^  declared  that  the  blonds,  it  is  true,  im- 
migrated from  Europe,  but  only  in  historic  time,  that  they  were  the 
descendants  of  the  Vandals  whom  G^iseric,  in  429  A.  D.,  led  over 
from  Gibraltar  to  northern  Africa.  This  view  was  afterwards  taken 
up  by  other  investigators,  eq>ecially  Quedenfeld.'  But  Broca,  on 
the  basis  of  information  of  Procop,  rightly  points  out  that  most  of 
the  50,000  VandalB  whom  Oenseric  brought  ov^,  perished  in  the 
struggles  with  the  native  Moors,  Numidians,  and  later  with  the 
Byzantines,  so  that  in  544  A.  D.  only  420  men  runained  who  were 
partly  killed  with  their  last  leader  Gontharis  and  partly  transferred 
to  Constantinople.  Since  then  the  Vandals  have  entirely  disappeared 
from  northern  Africa. 

Besides,  the  ancient  authors  of  the  third  century  B*  C.  and  the 
third  century  A.  D*  assert  that  ihete  were  among  the  native  Berbers 
many  fair  and  blond  one&* 

Finally,  Sergi,*  on  the  basis  of  his  cranicdogical  investigations, 
maintained  that  the  blonds  did  not  immigrate  but  were  native  In 
northern  Africa,  especially  on  the  heists  of  the  Moroccan  Ailaa, 
under  the  influence  of  the  altitude  climate.  He  refers  for  this  to 
Livi's  results  of  anthropometry,  according  to  which  in  the  popula- 
tion of  Italy  dwelling  at  above  400  mrters  altitude  the  Uonds  pre- 
dominate; below  400  meters,  the  brown.  Against  this  Quedenfeld* 
points  out  tha't  among  the  Shloh  in  southern  Morocco  not  a  single 
blond  is  to  be  found  notwithstanding  that  the  people  partly  live  on 
still  higher  mountains  on  the  great  Atla& 

Still  other  hypotheses  have  be^i  set  up  to  explain  the  strange 
appearance  of  blonds  among  the  Eabyles.  They  are  said  to  be  de- 
scendants of  Roman  mercenaries  from  the  north,  or  to  have  come 
from  the  East,  after  the  explusion  of  the  Hyksos  from  Egypt.  The 
former  view  seems  to  be  contradicted  by  the  numerically  and  geo- 
graphically great  diffusion  of  the  blonds,  while  the  latter  view  lacks 
any  record  of  the  existence  of  blonds  among  the  Hyksos. 

If  it  is  asked  which  view  is  most  probable  on  the  basis  of  our 
present  knowledge,  I  can  <mly  say  that  as  long  as  we  are  ignorant  of 
all  the  conditions  on  which  the  distribution  of  the  pigment  among 
the  various  races  of  mankind  depends  we  must  be  guided  by  actual 
obsarvationa.    Now  we  know  that  only  in  northern  Europe,  and 

>  Reyue  d*Aatliropologie,  1876,  p.  398  ff. 

sZeltschrlft  ftir  Ethnologie,  1888,  p.  115. 

•Th.  Fischer,  Mltttfm6eiMia«r,  N.  F^  1906,  p.  890. 

«Sergl,  The  Mediterranean  race.     London,  1901,  p.  78  ff. 

•Zeitscbrlft  ftir  Btlmologie,  1888,  p.  116. 
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nowhere  else  up<m  earth,  is  there  a  zone  in  which  a  large  contigooos 
blond  population  is  autochthonous,  and  we  are  therefore  compelled 
to  assume  that  wherever  else  on  earth  blonds  emerge  island-like,  they 
are  dmved  from  the  hortii  European  zone.  The  opponents  of  this 
view  would  not  take  it  seriously  if  one  maintained  that  the  Negro 
population  in  Haiti  or  in  North  America  were  there  autochthonous— 
and  jet  commit  the  same  error  as  regards  the  blonds. 

We  can,  tlierefore,  only  assent  to  the  view  that  the  ancestors  of 
the  present  blonds  among  the  Eabyles  must  have  at  some  time  emi- 
grated from  northern  Europe  into  north  Africa  and  this  view  would 
account  for  the  occurrence  of  numerous  blonds  in  the  Rif  in  Mo- 
rocco, in  the  Jurjura,  in  the  Aurte,  and  in  Enfida,  where  in  high  alti- 
tudes, in  a  climate  similar  to  that  of  their  hcnne,  they  felt  most  com- 
forUble. 

If  in  oppositi(«  to  this  view  it  is  contended  that  at  present  the 
immigrant  French  do  not  propagate  in  northern  Africa,  it  may  be 
said  that  the  time  of  occupati<«  is  still  too  short  to  definitely  settle 
this  question.  I,  myself,  have  made  tiiere  the  acquaintance  of  fami- 
lies living  in  Algiers  in  the  fourth  generation,  who  have  propagated 
and  are  comfortable.  It  is,  moreover,  evident  that  the  colder  cli- 
mate on  the  north  coast  and  especially  on  the  heights  of  the  Atlas 
must  be  very  favorable  for  the  thriving  of  northlanders. 

Since  the  Vandals,  as  has  been  seen,  can  not  have  been  the  ancest(^ 
of  the  blonds  in  northern  Africa,  and  since  other  northern  European 
immigrants  are  not  known  in  historic  times,  we  must  assume  that 
already  in  prehistmic  time  a  considerable  host  of  blond  nordi  Euro- 
peans ent«*ed  it — that  a  kind  of  -migraticm  tock  place  similar  to  the 
migration  of  nations  in  later  times. 

2.  The  second  question  is :  Whence  came  the  white  Eabyles,  with 
black  hair  and  brown  eyes? 

This  question  is  even  more  difficult  to  answer.  Since  all  the  peo- 
ples of  the  Mediterranean  coasts  possess  identical  somatic  character- 
istics, and  we  have  no  point  of  vantage  tnxa  whence  to  scan  the 
cradle  of  this  Mediterranean  race,  the  Homo  mediterraneus,  we  are 
also  unable  to  decide  whether  it  immigrated  from  the  north  African 
coast  to  southern  Eur(^>e,  or  the  reverse.  All  that  can  be  said  with 
certainty  is  that  the  Kabyles  are  neither  Negroes  nor  Hamites. 

But  if  we  consider  that  no  other  people  of  the  white  race  besides 
the  Ejibyle  speak  an  Hamitic  language,  it  results  that  they  ad<^ted 
the  Hamitic  language  on  north  African  soil  and  that  they  are  there 
not  autochthonous,  but  immigrants,  and  for  anthropological  reasons, 
as  well  as  on  account  of  their  resemblance  to  the  Spaniards,  they 
probably  inmiigrated  from  the  Iberian  Peninsula. 

It  must  be  further  concluded  that  in  north  Africa  they  found  an 
Hamitic  population,  which  they  drove  away,  but  adopted  its  lan- 
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guage  without  amalgamatmg  with  it.  It  has  been  often  observed  in 
historic  time  that  the  victorious  immigrants  adopted  the  language  of 
the  conquered.  Thus  the  Waragians  adopted  the  Russian  language, 
the  Normans  first  the  French,  then  the  English  and  Italian  lan- 
guages. The  Longobards  likewise  adopted  the  Italian  language,  not- 
withstanding they  dominated  these  several  countries  as  conquerors. 
If  all  these  were  absorbed  by  the  native  peoples,  it  was  due  to  the 
relationship  of  race,  which  was  not  the  case  with  the  Kabyles. 

8.  The  third  problem:  Who,  then,  were  the  autochthons,  can 
accordingly  be .  answered  only  by  a  conjecture.  That  they  were 
Hamites — that  is,  people  of  brown  skin — ^is  made  probable  by  the 
language,  and  in  conjuncticm  with  it  Hamy's  observation,  cited  above, 
that  the  corrugated  pottery  from  the  stone  age  in  the  Sahara  exhibits 
a  decisive  relationship  with  the  industry  of  the  Scnnalis,  gains  a 
greater  significance. 

4.  Finally,  the  fourth  probl^n:  Whence  comes  the  custom  of  the 
megalithic  tomb  structures  in  norUi  Africa,  has  already  been  an- 
swered above.  Bertrand  and  Broca  think  that  with  the  immigration 
of  the  blonds  from  northern  Europe  was  also  thence  introduced  the 
custom  of  the  megaliths.  It  has  been  stated  above  that  only  a  cr^- 
ological  investigation  can  decide  whether  the  ancestors  of  the  Kabyles 
have  used  the  dolmens,  but  not  whether  they  introduced  them.  If  it 
is  now  considered  that  megaliths  occur  not  only  in  Europe  and  in 
north  Africa  and  as  far  as  Uganda,  but  also  in  Palestine,  Syria, 
India,  and  Japan,  and  that  we  do  not  know  whence  this  custcHu 
first  started,  we  must  herein  agree  with  Montelius  that  the  erection  of 
dolmens  is  a  general  phenomenon  of  civilization  that  makes  its 
appearance  from  Japan  to  Europe,  but  whether  it  spread  from 
Africa  to  Europe  (Mcmtelius)  or  ^e  reverse  (Bertrand  and  Broca) 
can  not  at  present  be  decided.  Only  when  we  shall  have  come  to 
know  the  period  of  the  erection  of  tiie  megaliths  in  the  various 
countries  shall  we  be  able  to  draw  a  safe  conclusion  as  to  the  starting 
point  of  this  custom.  But  if  it  is  considered  that  Upon  the  highest 
points  of  the  Atlas,  the  Rif ,  the  Jurjura,  the  Aurfes,  where  the  blond 
Kabyles  are  most  numerous  and  purest,  no  dolmens  whatever  exist, 
it  seems  improbable  that  the  custiMn  of  dolmen  tombs  should  have 
been  carried  to  north  Africa  by  the  blonds  of  northern  Europe. 

If  we  would  draw  a  picture  of  the  various  invasions  which  in  the 
course  of  time  took  place  in  north  Africa  it  would  be  as  follows: 

1.  As  autochthons  we  must  assume  an  Hamitic  people,  related  to 
the  S<Hnalis,  that  lived  there  in  the  stone  age  and  spoke  Tamazirt. 

2.  Then  followed  the  invasion  of  the  Kabyles  from  the  Iberian 
Peninsula  who  pushed  the  autochthons  toward  the  south,  erected 
dolmens,  and  changed  their  language  for  the  Tamazirt 


Digitized  by  CjOOQIC 


588        AKKUAii  BEPcmr  smithbokiah  nrsnTunoK,  iffiL 

8.  Thereupon  followed  the  inTasioii  of  the  blonds  from  northern 
Eorc^  who,  though  completely  aeBuniUting  with  the  Eabyles,  set- 
tled chiefly  upon  the  heists  of  the  Atlas,  where  they  have  preserved 
the  purity  of  their  race  to  the  present  day. 

4.  There  followed  then  the  inyasions  of  historic  times:  The  Fheni- 
cian,  Greek,  Boman,  Jewish,  Vandal,  Byzantine,  Arabic,  Torki^ 
Spanish,  and  French.  "^ 

In  the  face  of  all  these  invasions,  the  Ejtbyles  on  the  heights  of  the 
Bif,  the  Jurjura,  the  Aurte,  and  in  Enfida  have  preserved  the  purity 
of  their  race  to  ^e  present  day. 
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By  Ebnst  Bobbschmann. 


I  left  Germany  in  August,  1906,  to  make  an  extended  exploration 
in  China.  The  route  was  via  Paris,  London,  and  America,  where  I 
saw  treasures  of  Chinese  art  in  the  museums,  thence  via  Japan,  to 
acquire  a  fleeting  impression  of  that  branch  of  oriental  culture;  and 
finally  I  arrived  at  Peking  early  in  December.  In  the  summer  of 
1909,  upon  completing  my  work  in  China,  I  returned,  via  the  Siber- 
ian Railroad,  to  Germany,  after  an  absence  of  exactly  three  years. 

Dr.  Bachem  had  discussed  the  importance  of  a  study  of  the  Chinese 
before  the  Reichstag  in  1905,  and  the  late  Baron  von  Richthofen, 
then  secretary  of  the  foreign  office,  as  well  as  a  large  number  of  other 
high  officials,  so  interested  themselves  in  the  proposed  journey  that 
the  German  Imperial  Government,  with  the  approval  of  the  Reich- 
stag, provided  the  necessary  means. 

I  owe  profound  thanks  to  all  who  aided  this  exploration,  first  for 
the  eflfectual  development  of  the  idea  of  endeavoring  to  solve  the 
important  problems  of  the  Far  East  from  a  purely  scientific  point  of 
view,  and  also  personally  for  their  confidence  in  assigning  me  this 
important  duty. 

My  commission  bore  the  title:  "An  investigation  of  Chinese  archi- 
tecture and  its  relation  to  Chinese  culture."  I  could  not  have  desired 
a  more  comprehensive  designation  of  this  task  for  such  a  country  as 
China,  with  its  18  Provinces,  covering  an  area  seven  times  greater 
than  Germany,  and  with  remarkable  coincidence  exactly  seven  times 
its  population. 

A  solution  of  the  problem  appeared  to  be  possible  by  confining 
myself  to  the  northern  part,  especially  around  Peking,  which,  from 
a  previous  readence  there  for  two  years,  I  knew  to  be  the  center  of 

^Reprinted  by  permission  from  Zeltscbrift  fOr  Ethnologle.  Organ  der  Berliner  Gesell- 
schaft  fOr  Anthropologle,  Bthnologie  und  Urgeschichte,  Berlin.  1010.  42d  year,  parts 
8  and  4,  pp.  800-426. 
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*a  specific  culture,  and  which  would  also  serve  in  many  respects  ts 
typical  for  all  China.  I  gradually,  however,  extended  my  travels 
to  cover  a  large  part  of  the  entire  country. 

I  spent  the  first  m<mths  in  Peking  in  making  preparat<»7  studies  of 
China.  As  soon  as  the  weather  permitted  I  made  short  excuraons 
to  the  imperial  tombs  of  the  Ming  dynasty,  and  to  the  eastern  impe- 
rial tombs  of  the  pres^it  dynasty,  two  dajrs'  journey  from  P^ngi 
where  the  late  Empress-Dowager  was  rec«itly  buried.  I  then  visited 
the  ancient  summer  residence  at  Jehol,  five  days'  journey  from 
Peking,  where  in  the  midst  of  a  wild  mountainous  region  a  number 
of  important  Lama  monasteries  are  scattered  around  a  famous  impe- 
rial hunting  park. 

The  summer  was  passed  in  the  charming  neighborhood  of  Peking, 
especially  among  the  western  hills,  with  its  numerous  magnificent 
temples,  of  which  Pi-yun-sze,  the  temple  of  the  Blue-black  Qouds, 
is  regarded  as  one  of  the  most  beautiful  in  all  China. 

Then  followed  a  seven  mcmths'  trip  to  the  western  imperial  tombs 
of  the  present  dynasty,  where  the  remains  of  the  deceased  Emperor 
will  be  buried.  Thence  to  Wut'aishan,  the  sacred  mountain,  which  is 
visited  chiefly  by  the  Mongolians.  On  this  occasion,  the  only  one 
during  all  my  travels  in  China,  I  was  for  some  we^  accompanied  by 
a  friend.  At  all  other  times  I  traveled  alone  with  my  Chinese  follow- 
ers, that  at  times  numbered  30,  including  the  burden  bear^^. 

The  train  carried  us  south  over  the  bridge  across  the  dangerous 
Yellow  River  to  K'aif engfu,  the  capital  of  Honan ;  thence  a  four  days' 
trip  down  the  Yellow  River,  at  a  time  when  the  dam  had  just  been 
broken  and  when  the  river  in  places  was  so  broad  that  the  farther 
bank  could  not  be  seen.  In  Shantung  I  visited  the  sacred  mountain 
T'aishan,  then  K'ufu,  the  birthplace  of  Confucius  and  the  site  of  his 
tomb.  The  winter  drove  me  southward.  I  spent  Christmas  in 
Ningpo  and  in  January,  1908, 1  dwelt  alone,  remote  from  the  world, 
on  the  island  Pd-t6-shan,  the  sacred  island  of  Kuanyin,  the  goddess 
of  mercy. 

Upon  returning  to  Peking  by  sea,  I  prepared  for  a  long  12  months' 
journey,  to  extreme  western  and  southern  China,  that  carried  me 
overland  across  the  whole  of  China ;  first  to  T'aiyuanfu,  capital  of 
Shansi,  then  diagonally  across  that  Province  to  Lu  ts'un,  where  there 
is  a  large  salt  marsh,  that  provides  salt  for  the  four  northwestffn 
Provinces. 

Shansi,  like  Shensi,  is  a  dry  Province.  In  some  years  there  is  almost 
no  rain  at  all.  A  mild  famine  is  expected  with  considerable  certainty 
every  5  years  and  a  serious  one  at  10  year  periods.  This  aridity 
favors  the  manufacture  of  salt,  which  is  accomplished  by  simple 
evaporation  in  the  bright  sunshine.  This  ceases  in  rainy  weather. 
Wheat  is  then  grown.    The  salt  Mandarin  expressed  the  conditions 
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impressively  by  comparing  Shensi  to  a  balance,  with  salt  in  one  scale 
and  wheat  in  l^e  other.  As  one  rose  the  other  f  elL  It  was  best  when 
they  balanced.    Perfection  lies  between  these  two  extremes. 

I  entered  the  Province  of  Shensi  at  the  bend  of  the  Yellow  Riv^, 
visited  the  sacred  mountain  Huashan,  the  capital  Hsinganfu,  crossed 
the  Tsin  ling  mountains,  and  then  descended  to  the  exceedingly  luxu- 
rious, charming,  and  fertile  SzechNian.  This  Province  has  an  area 
and  population  somewhat  larger  than  Germany.  As  a  whole  it  is  a 
poem,  and  its  perfect  beauty  has  been  accomplished  by  gods  and  men. 

From  the  capital,  Ch'engtu,  I  pushed  on  to  the  most  western  point 
as  far  as  Yachoufu,  and  before  me  to  the  westward  and  north- 
ward lay  the  snow-capped  mountains  that  magically  lure  the  traveler 
to  Tibet  It  is  an  imposing  mountain  panorama  whose  sublimity 
is  already  realized  in  its  spurs  near  Qi'engtu.  The  Viceroy  Chao 
£rhfeng  just  then  set  out  with  a  military  force  en  route  to  Lhassa ; 
but  unfortunately  my  plans  did  not  permit  an  acceptance  of  his 
cordial  invitation  to  accompany  him.  I  spent  three  weeks  on  the 
sacred  mountain  Omeishan.  The  Chinese  say  that  one  here  feels 
the  pulse  of  K'un-lun.  Then  I  went  down  the  Min  River  in  a  small 
boat.  I  made  a  short  excursion  to  the  salt  district  of  Tze-liu-tsing, 
where  are  the  self -spouting  wells,  over  4,000  in  number,  with  an  aver- 
age depth  of  1,000  meters.  From  these  are  extracted  salt  essences 
that  are  boiled  and  evaporated  with  natural  gas  from  underground. 
This  district  furnishes  salt  for  all  the  Provinces  as  far  as  the  mid- 
Yangtze.  The  frameworks  of  the  wells  are  20  to  30  meters  high. 
As  natural  gas  is  used,  there  is  no  smoke  in  this  industrial  region 
where  700,000  people  are  employed.  Hie  salt  is  transported  with  ease 
by  boats  through  the  numerous  canals  of  this  charming  Province. 
The  hidden  and  mysterious  force  and  the  benefit  thus  derived  from 
the  interior  of  the  earth  gave  the  Chinese  the  motive  for  the  develop- 
ment of  their  peculiar  religious  ideas.  In  China  one  observes  every- 
where that  industry  and  trade  serve  to  strengthen  and  deepen  the 
religious  sentiment,  because  everything  is  brought  into  relation  with 
the  forces  of  Nature  which  are  then  personified  as  gods. 

My  little  boat  carried  me  farther  down  the  Yangtze  River,  and 
then  for  several  days  I  had  the  pleasure  of  traveling  in  our  German 
river  gunboat,  the  Vaterland.  We  passed  by  lovely  and  then  again  by 
mighty  banks  on  either  side,  often  at  high  speed,  then  by  many  densely 
populated  cities,  over  famous  rapids,  and  through  romantic  gorges, 
where  the  echoing  voices  of  the  sailors  made  the  great  solitude 
the  more  impressive.  The  Yangtze  gorges,  as  they  are  generally 
known,  are  most  imposing  at  the  entrance  to  the  Province  of  Hupeh. 
From  the  Tungt'ing  Lake  one  reaches,  by  way  of  the  Hsiang  River 
in  the  Province  of  Hunan,  the  capital,  Ch'angshafu.  With  a  short 
excursion  into  the  Province  of  Kiangsi  I  spent  the  Christmas  festi- 
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val  of  1908  in  the  company  of  the  Qerman  engineers  who  superin- 
tended a  Chinese  coal  mine. 

I  passed  the  first  dars  of  the  year  1909  on  the  sacred  moontam 
Hengshan,  then  journeyed  overiand  to  Eoeilinfn,  the  capital  of 
Kuangsi,  and  down  the  Enei  Biver,  passing  over  800  rapids  in 
10  days,  to  the  West  River,  by  which  I  readied  Canton,  the  imposing, 
populous,  and  gay  city.  Going  by  sea  I  readied  Fuchow,  the  capital 
of  the  Province  of  Fukien.  I  celebrated  Easter  in  Hangdiow,  die 
capital  of  Chekiang,  on  the  much  celd>rat6d  beautiful  West  Lake. 
Then  I  hastened  back  to  Peking,  where  I  arrived  after  an  absence  of 
over  one  year,  on  May  1,  at  the  time  of  the  funeral  of  the  deceased 
Emperor. 

In  all  my  travels,  which  took  me  through  14  of  the  18  Provinces  of 
China,  I  followed  the  main  highways,  the  andent,  much-traveled 
roads,  and  was  constantly  in  the  midst  of  Chinese  life  in  densely  popu- 
lated and  mostly  the  richest  regions.  The  sacred  mountains,  annually 
visited  by  millions  of  pious  pilgrims,  bel<mg  to  these  regions,  as  also 
do  the  imposing  industrial  and  cultural  centers  and  great  cities  whoe 
an  enormous  commerce  is  carried  on  throu^  the  countless  wtter- 
ways  and  lakes  where  boats  constantly  follow  each  other  in  rapid 
succession,  and  the  seacoast  -with  its  busy  traffic  from  harbor  to 
harbor.  Industry,  contentment,  and  order  everywhere  prevail  among 
this  400,000,000  people,  whose  jay  of  living  and  contentment  is 
apparent  in  their  art  Nothing  is  more  err<Hieous  than  to  speak  of 
China  as  fossilized  and  ready  to  faU  to  pieces  mentally,  moraUy, 
or  even  politically.  The  .unity  of  the  cult^ire  of  yesterday  and  yet 
of  to-day  has  welded  the  people  and  keeps  the  nation  strong. 

This  observaticm  may  account  for  the  fact  that  no  problems  of 
archeology,  art,  religion,  or  general  history  will  be  discussed  here, 
interesting  as  they  may  be,  but  the  China  as  it  is  to-day  will  be 
described.  The  means  should  not  be  giv^i  greater  impcnrtanoe  than 
the  end. 

To  introduce  our  subject:  We  stand  in  China  contemplating  a 
unity  of  culture  which  can  only  be  dreamed  of  in  the  days  of  ancient 
Greece  or  of  some  other  ideal  period.  One  imposing  conception  of 
the  universe  is  the  mainspring  of  all  Chinamen,  a  conception  so  com- 
prehensive that  it  is  the  key  defining  all  expressions  in  life — trade, 
intercourse,  customs,  religion,  poetry,  and  espedally  fine  arts  and 
architecture.  They  exhibit  in  nearly  every  w<^k  of  art  the  universe 
and  its  idea.  The  visible  forms  are  the  reflex  of  the  divine.  They 
behold  the  divine  in  the  various  forms  which  they  fashion  to  express 
it;  in  short,  in  the  microcosm  is  recognized  and  revealed  the  ma- 
crocosm. 

This  method  of  thinking  and  acting  on  a  grand  scale  gave  rise,  and 
rightly,  so,  to  the  favorite  expression  ''  China,  the  land  of  great 
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bounds."  Since  the  most  ancient  periods  the  extent  of  this  vast  Em- 
pire has  been  enormous.  Long  before  the  birth  of  Christ  the  Chinese 
carried  their  policies  to  far  distant  Turkestan,  and  eyen  to  the  shores 
of  the  Black  Sea,  and  sent  large  armies  thither.  The  conquest  of 
these  regions  required  time,  engendered  patience  and  consideration  of 
resistance,  and  developed  political  tact  and  wisdom. 

Lao  tze,  the  reputed  wisest  man  of  China,  recognized  that  the  re- 
lationships are  stronger  than  mankind. 

These  characteristics  guaranteed  an  orderly  government  in  China 
proper,  the  land  of  the  present  18  Provinces.  It  was  here  always 
necessary,  and  still  is  so,  to  reckon  with  great  distances  and  to  plan 
months  and  years  ahead.  Imperial  orders  and  the  reports  of  officials 
are  long  en  route.  The  constant  changes  of  officials  oblige  them  to 
travel  for  months,  thereby  acquiring  a  knowledge  of  their  country 
that  few  of  us  have  in  the  same  degree  of  our  own  land.  In  thus 
traveling,  the  varied  topographical  features  of  the  country  slowly  but 
surely  make  their  deep  impression.  They  may  journey  for  days  across 
plains,  then  along  a  river,  then  for  10  days  over  mountains  and  hills, 
and  finally  over  fields  and  plains  for  6  days — always  in  intimate  con- 
tact with  the  varying  population,  high  and  low,  thus  beooming 
acquainted  with  the  advantages  and  disadvantages  of  each  region. 

The  Chinese  are  thereby  well  acquainted  with  the  conceptions  of 
time  and  space.  This  manifests  itself  in  their  ardiitecture.  They 
have  developed  an  architecture  which  in  its  ground  plans  and  land- 
scape is  unknown  to  us.  The  most  significant  structure  in  all  the 
world  is  the  well-known  Great  Wall  of  China.  It  must  be  regarded 
as  a  whole,  a  unit,  which  shuts  off  the  entire  north  against  Mongolia 
and  Manchuria.  All  the  famous  Egyptian  Pyramids  combined  can 
not  compare  with  this  work,  which  is  the  most  skillful,  the  most 
monumental,  and  at  the  same  time  in  the  most  picturesque  manner 
adapts  itself  to  ragged  precipices  along  the  mountain  ranges  and 
presents  a  view  of  the  grandest  outlines. 

The  imperial  palace  in  Peking  is  the  most  extensive  in  the  world. 
Scarcely  a  temple  has  ever  been  built  as  large  as  the  Temple  of  Heaven 
in  Peking,  or  as  large  as  some  of  the  other  numerous  important 
temples  in  China.  The  palaces  of  the  nobility  and  the  wealthy, 
even  the  dwellings  of  the  middle  classes,  are  extravagantly  spacious 
and  roomy.  The  buildings  of  the  imperial  tombs  and  the  temples  at 
Jehol  are  of  most  imposing  magnificence.  The  Chinese  playfully 
bring  points  into  correlation  and  features  of  nature,  rivers  and 
mountains,  separated  from  one  another  by  miles,  to  unite  them  in 
the  expression  of  some  definite  idea. 

One  of  the  most  definite  expressions  of  this  prevailing  Chinese  idea 
of  unity  is  given  by  their  groupings  of  all  buildings  symmetrically 
around  the  axis  of  the  meridian,  the  north  and  south  line.    This  is 
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invariahle  whenever  poesiUe.  The  nuun  hall  in  which  the  prince  sits 
in  state,  c^  the  host  ^itertains  his  gaest^  or  the  god  in  his  temple,  is 
invariably  aligned  to  face  the  south.  The  lord  faces  the  midday  siul 
The  cities  are  likewise  laid  out  al<mg  the  meridian  line  aocuratdy, 
and,  where  natural  obstacles  intervene^  such  as  a  mountain,  a  river,  or 
where  other  special  ccH^derations  require  the  city  walls  to  deviate 
and  take  some  other  directicm,  yet  the  axial  line  is  always  main* 
tained  in  the  meridian  in  all  the  temples,  government  buildings,  and 
dwellings. 

China  has  often  changed  its  capital  The  Eknpire  has  been  ruled 
from  the  Yangtze,  from  Honan,  and  Shmai ;  but  for  Icmg  ages,  even 
before  the  Mcmgolian  dynasty,  they  have  always  returned  to  Pddng, 
which  lies  in  the  extreme  north.  This  was,  of  course,  mainly  due  to 
political  c(Hisiderati<»i8.  But  knowing  the  ideal  imp<Mrtance  whidi  is 
attributed  to  the  line  of  the  axis,  we  can  appreciate  the  exalted  notion 
of  conceiving  the  Emparor  as  seated  on  the  dragon  thrmie  in  Peking 
and  turning  his  gaze  southward  tAong  the  meridian  of  Peking  over 
the  entire  Empire,  when  at  the  New  Tear  festival,  or  on  the  Em- 
peror's birthday,  all  officials  and  many  of  the  people  assemble  at  the 
same  hour  in  aU  the  cities  and  villages  to  kneel  befcnre  his  altars 
throughout  the  Etnpire  and  offer  their  homage^  locking  north  toward 
him,  the  S<m  of  Heaven*  Claims  of  nature,  the  political  development, 
and  the  ideal  all  agree  and  assist  in  d^nanding  and  deepening  this 
sentiment  Thus  natural  conditi<ms,  political  evolution,  and  ideal 
c(xiceptions  answer  one  another  and  totm  a  c(»nbina<i<m.  The  world 
of  phenomena  is  merely  a  mirror  of  the  infinite  which  in  our  worid 
conception  and  religion  we  try  to  give  a  definite,  and  yet  how  diange- 
able,  formula. 

Before  considering  the  details  of  China's  idealistic  culture  it  is 
necessary  first  to  refer  briefly  to  certain  external  conditicMis  and  rda- 
tions  which  have  c(»tributed  to  those  grand  conceptions  of  the  unity. 

The  population  of  China  is  constantly  fluctuating,  and  it  has 
always  been  so.  Allusion  was  made  to  the  wars  that  carried  great 
masses  of  men  and  women  as  far  as  Turkestan.  These  wars  prevailed 
for  long  periods  and  were  repeated  at  certain  intervals.  At  times, 
as  during  the  Mongolian  sway,  intercourse  with  the  western  coun- 
tries reached  a  certain  climax,  but  it  was  ccmstaHtly  lively.  The 
Chinese  have  a  tendency  to  emigration,  probably  greater  than  we  of 
to-day.  For  ages  they  have  been  oolcmizing  and  invading  foreign 
countries  for  peace  or  war.  The  south  was  colonized  in  historic 
times,  while  northern  Chihli  has  (Miy  been  colonized  during  the  past 
two  centuries  in  a  methodical  manner.  Ihiring  the  past  five  years 
the  Chinese  have  been  systranatically  settling  in  Tibet^  and  since  the 
European  press  has  only  recently  sounded  an  alarm  over  this  pro- 
ceeding, it  goes  to  show  how  news  is  really  <Mily  relatively  new. 
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Domestic  wars  and  insurrections  have  repeatedly  mixed  the  people 
of  different  parts  in  Chinese  history,  which  in  its  vicissitudes  equals 
our  own*  The  migratory  instinct  has  also  contributed  to  this  unifica- 
tion. According  to  Chinese  records,  the  Province  of  Szech'uan  was 
decimated  at  the  beginning  of  the  present  dynasty  to  such  an  extent 
that  only  1  in  10  survived,  and  it  is  now  inhabited  for  the  most  part  by 
settlers  of  other  Provinces.  Here  One  finds  a  greater  variety  in  the 
styles  of  club  buildings  than  anywhere  else,  with  the  possible  excep- 
tion of  the  Province  of  Euangsi,  in  the  capital  of  which,  Eueiliufu, 
nearly  all  the  inhabitants  are  foreigners.  During  the  period  im- 
mediately before  the  New  Year  festival  I  daily  passed  small  mer- 
chants, mechanics,  and  day  laborers  traveling  to  their  homes  in 
Hunan  for  the  festival  weeks.  This  custom  prevails  throughout 
China,  and  similar  scenes  are  witnessed  everywhere.  In  Shantung 
the  people  constantly  travel  to  and  from  the  liaotung  Peninsula, 
along  the  seacoasts  and  on  interior  highways.  The  trains  on  the 
recently  built  railroads  are  always  overcrowded,  and  the  two  small 
steamers  which  ply  between  Shanghai  and  Ningpo  daily  transport 
several  thousand  Chinese. 

The  merchants  of  the  Shensi  Province  have  a  m<mopoly  of  banking 
silver  and  copper  throughout  a  greater  part  of  the  Empire.  They 
travel  everywhere  and  finally  in  their  old  age  return  to  their  homes 
with  their  acquired  wealth.  One  particular  city  in  Chekiang  usually 
furnishes  the  subaltern  officials  for  the  mandarins  of  several  Prov- 
inces. Other  well-known  towns,  often  inconsiderable  in  size,  furnish, 
in  addition,  singers,  actors,  certain  classes  of  artisans,  and  tradesmen. 
These  all  leave  their  homes  to  travel  and  usually  return  later. 

The  ancient  decree  forbidding  the  appointment  of  higher  officials 
to  offices  in  their  native  Provinces,  not  to  mention  their  native  cities, 
was  for  the  purpose  of  making  the  GK)vemment  independent  of  per- 
sonal influence  and  of  attaining  uniformity. 

Traveling  is  habitual  in  China.  Car  drivers,  muleteers,  boatmen, 
and  carriers  readily  contract  to  start  immediately  on  long  journeys 
requiring  months  of  travel.  A  journey  to  remote  Turkestan  or  Tibet 
is  regarded  as  a  most  commonplace  imdertaking.  The  Government 
requires  this  readiness  to  travel  of  all  officials.  A  high  official  in 
Ch'engtu  received  orders  to  proceed  to  Tibet  for  a  long  period  of 
years  and  departed  within  five  days. 

The  ancient  classical  examinations,  which  have  now  ceased,  prob- 
ably forever,  also  contributed  to  this  traveling  instinct.  Hundreds  of 
thousands  of  students  annually  traveled  to  the  examination  halls  of 
their  districts  and  the  capital  cities,  while  thousands  of  them  went  on 
to  Peking.  In  weary  journeys  they  learned  the  country ;  they  acquired 
strange  customs  here  and  there  and  diffused  them  abroad. 
387340..H3M  1911 86 
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Priests  and  pilgrims,  Buddhists  and  Taoists,  are  met  on  the  road 
throughout  the  empire.  They  wander  frmn  temple  to  temple,  staying 
for  a  time  here  and  there,  and  there  is  scarcely  an  (dd  and  experienced 
priest  who  has  not  visited  all  or  at  least  most  of  the  holy  mountains 
and  the  famous  religious  places.  Finally,  scholars,  poets,  painto^ 
and  other  artists  (frequently  combined  in  one  individual)  all  travel. 
There  is  no  one  among  the  famous  men  of  China  of  the  past  or  pres- 
ent who  has  not  traveled  over  the  whole  country.  This  is  still  the 
case.  On  Omeishan,  3,800  meters  high,  I  met  a  certain  Han-lin,  who 
had  climbed  up  there  to  meditate,  study,  and  compose  poetry.  In 
Szech'uan  I  visited  the  memorial  temples  of  the  most  famous  poets 
of  the  Tang  dynasty  in  the  eighth  century,  Li  T'ai-po  and  Su 
Tung-po.  I  was  shown  the  place  where  the  former  of  these  had 
lain  drunk  on  the  road,  and  later  I  sailed  on  the  TungtHng  Lake 
and  the  Yangtze  River,  where  the  latter  poet  had  sailed  alone  and 
fished  and  composed  poems.  The  memory  of  these  great  men  of  the 
past  is  as  fresh  as  ever.  The  smallest  boy  learns  their  stories  in 
school.  Stories  in  regard  to  them  are  recited  at  home  and  amcmg 
friends.  Professional  story  tellers  choose  their  deeds  for  their 
themes.  In  the  theaters  the  known  pieces  are  acted.  In  this  way 
the  tales  and  events  become  the  common  property  of  the  nation,  from 
the  coolie  to  the  highest  personage.  The  classics  are  learned  by 
everyone  who  goes  to  school  almost  by  heart.  The  paintings  repre- 
sent well-known  things.  The  temples  and  houses  teem  with  carvings 
and  inscriptions  which  refer  to  famous  deeds,  men,  and  thoughts; 
and  everybody  feels  everywhere  at  home. 

An  important  item  is  the  fact  that  imtil  quite  recently  the  daily 
newspaper  was  unknown  in  China.  Almost  all  information  was  com- 
municated orally.  In  comparison  with  us,  the  Chinese  seem  to  talk 
incessantly.  A  rumor  or  report  spreads  most  rapidly  in  everybody's 
mouth,  and  he  who  is  convinced  that  the  spoken  word  is  more  alive 
than  the  written  word  will  appreciate  the  culture  of  this  folk  in  their 
lively  intercourse,  in  contrast  to  ours,  which  more  and  more  emanates 
from  the  study  desk. 

China  has  thus  been  developed  to  that  uniform  individuality  in 
which  we  find  it  to-day,  not  that  there  is  a  dead  uniformity  in  all  parts 
of  the  Empire.  There  is  a  proverb :  "  Go  a  mile  and  speech  changes ;  go 
10  miles  and  the  customa.diange.''  These  changes  are  first  noticed  in 
the  styles  of  buildings,  then  in  the  dispositions  of  the  people,  their 
mode  of  life,  their  agriculture,  clothing,  and  food.  Differences  in  cul- 
ture are  found  prevailing  in  different  regions,  the  north  with  six  Prov- 
inces, the  Yangtze  Valley  with  five,  and  the  south  with  six,  including 
the  seacoast  Provinces  of  Fukien  and  Chekiang.  Szech'uan  is  in  a 
class  by  itself.  This  Province  is  by  nature  divided  off  by  mountains, 
and  has  developed  its  own  peculiar  culture,  imaginative  as  the  in- 
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tensified  el^ance  of  China.  It  is  proverbial  that  poets  originate 
here,  and  truly  the  beauty  of  the  landscape  and  of  art  is  such  that  one 
almost  must  verily  become  a  poet.  A  proverb  says,  "  Soldiers  come 
from  the  north,  and  scholars  from  Hunan,"  with  reference  to  the 
ancient  school  in  the  capital,  Ch'angshafu.  For  many  reasons  two 
cities  are  special  centers  of  culture;  one  of  these  is  Peking,  in  the 
north,  the  other  Canton,  in  the  south — the  two  poles,  as  it  were,  of 
China. 

Thus  there  is  enough  of  variety,  even  in  going  from  Province  to 
Province.  This  also  holds  good  for  certain  districts  within  the  Prov- 
inces. But  there  is  a  common  trait  everywhere,  and  it  is  not  only 
unity  that  meets  us,  but  there  is  prominent  the  broad  view,  the  wide 
outlook  in  appraising  all  relations  which  for  the  Chinese  resulted 
from  the  nature  of  the  country  and  its  history.  This  feeling  finds 
expression  also  in  their  con- 
ception of  the  imiverse,  in 
their  religion,  which  can  be 
read  in  all  their  works  of  art 
and  all  other  forms,  and 
which  constitutes  the  conmion 
inheritance  of  the  people,  the 
soul  of  their  culture,  their 
even  at  present  still  classical 
art. 

Only  in  China  and  in  no 
other  country  one  sees  a  world 
conception,  a  philosophy,  em- 
bodied in  visible  form.  One 
sees  an  architecture  that  is  a 
direct  expression  of  this  con- 
ception, a  conception  formed 
of  the  univ^lpse  and  its  moving  forces.  Thus  they  have  found  it 
possible  to  express  the  idea  in  a  visible  concrete  form. 

In  the  year  600  before  Christ,  Lao  tze^  the  older  contemporary  of 
Confucius,  taught :  "  From  one  come  out  the  two,  from  the  two  come 
out  the  three,  and  fr<»n  the  three  the  ten  thousand  things — the  whole 
of  the  phjrsical  world."  This  is  illustrated  in  the  diagram  which 
already  in  his  time  belonged  to  hoary  antiquity.  The  center  consists 
of  two  fish-shaped  forms  that  represent  the  male  and  female  prin- 
ciples. But  besides  these  two  there  is  a  third,  the  surrounding  circle 
itself.  This  is  the  highest^  the  Tao,  the  eternal  way  leading  to  perfect 
virtue,  the  pole  of  the  entire  visible  and  ethical  world,  the  compre- 
hension of  existence,  the  eternal,  which  prevails  in  all  phenomena — 
unity.  How  the  various  philosophers  have  designated  it  in  their 
systems  is  immaterial    It  is  everywhere  postulated  as  the  Eternal 


Fio.  1.— The  drawing  of  the  dual  principles  and  the 
eight  trigrams. 
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Truth  and  as  the  essence  of  things.    It  is  after  all  nothing  else  thin 
our  conception  of  God. 

In  this  unfathomable  first  cause  two  forces  are  acting,  equal  and 
opposite,  above  and  below,  white  and  black,  but  supplementing  one 
another  to  establish  that  unity  which  they  constitute  and  aie^  being 
inseparable  from  it  and  from  one  another.  This  is  the  male  and 
female  principle.  It  is  the  active,  creative  energy,  conceived  as  two 
and  subsequently  embodied  as  the  dragon.  Thus,  from  one  we  ha^e 
two,  and  from  three,  the  triad,  the  trinity. 

The  masculine  is  distinguished  by  one  stn^e  as  odd  and  the 
feminine  by  two  strokes  as  even.  The  combination  constitutes  an 
clement,  to  which  another  stroke  is  added,  to  designate  the  divine 
existence  of  the  Tao,  so  that  a  triad  arises.  These  strokes  are  varied, 
interchanged,  and  repeated  to  give  eight  variations,  the  masculine 

or  the  feminine  predomi- 
nate in  each  of  the  varia- 
tions, they  never  balance. 
This  number  8  forms  the 
harmonic  basal  number  for 
all  further  philosophical 
investigations.  The  entire 
universe  is  represented  by 
the  eight  elements.  By 
mathematical  means  the 
world  of  phenomena  is  thus 
delineated  in  its  funda- 
mental constituents.  There 
are  no  more  either  on  tk 
surface  or  in  the  iheocy  of 
numbers.  The  multitude 
of  the  other  phenomea  is 
formed  by  the  combinations  of  the  elements.  When  doubled  io  six 
elements  the  resultant  is  the  number  64  as  in  the  accompany  illustra- 
tion (fig.  2). 

One  must  closely  study  this  cogent  metaphysical  interpretation  of 
the  number  64  to  comprehend  the  profundity  of  chess,  by  which  ve 
also  endeavor  to  find  the  eternal  truth,  that  roimd  central  figure  which 
gives  the  solution  of  the  riddle.  But  as  every  chess  player  knows 
that  a  perfect  game  does  not  exist,  likewise  everyone  knows  that  this 
ideal,  perfect  truth,  is  forever  unattainable  in  this  life  but  is  always 
effective  in  the  various  ^ideavors  to  attain  it 
The  Buddhist  conception  here  accords  with  that  of  the  Chinese. 
The  Buddhist  triad  shows  Buddha  between  the  two  main  radiations 
of  his  being.  To  the  Chinese  mind  this  trinity  signifies,  in  the  center, 
merely  a  personification  of  the  essence  of  things  and  on  the  sides,  the 
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Plate  1. 


Map  of  China.   The  18  Provinces. 
(Itinerary  shown  by  dotted  line.) 
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Plate  2. 


The  God  of  Long  Life,  Shou-hsinq,  with  the  Eight  Trigrams. 
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two  forces,  there  active,  which  rule  the  world;  thereby  closely  ap- 
proximating the  thou^t  in  the  round  central  figure  of  the  trigrams. 
And  when  one  is  convinced  that  in  life  as  well  as  in  nature,  in  the 
conflict  of  two  forces,  absolute  wisdom  and  truth  are  forever  unattain- 
able, then  this  triad  represents  the  commonplace  but  profound  ex- 
pression, "Truth  is  in  the  middle." '  The  reality  is  only  the  reflex 
of  the  Divine.  The  diief  priest  in  the  temples  loves  to  be  depicted 
with  two  other  priests,  fully  aware  that  this  will  convey  a  living  im- 
pression of  the  triad.  I  saw  this  in  many  temples,  one,  for  instance, 
in  that  of  the  southern  sacred  mountain  Hengshan  in  Hunan,  which 
is  900  meters  high. 

From  another  point  of  view,  that  of  the  four  cardinal  points,  north, 
south,  east,  and  west,  the  world  is  divided  into  four  parts,  and  by 
subdividing  we  got  the  number  8,  the  number  whidi  in  the  preceding 
was  obtained  in  another  way,  and,  further,  the  number  16,  These 
rhythmic  numbers  were  known  to  Buddhism,  too,  which  at  the  time 
of  the  birth  of  Christ  penetrated  China  and  amalgamated  with 
Chinese  thought  Besides  Buddha  there  are  4  great  Bodhisatvas, 
making  together  5 ;  and  we  find  5  great  Buddhas  during  one  period. 
The  Chinese  not  only  reckon  with  the  4  cardinal  directions  but  also 
include  the  center;  that  is,  they  reckon  wit^  5.  In  the  diagram  of  8, 
if  we  include  the  center,  we  have  9.  The  Chinese  have  embodied  this 
number  9  in  their  god  of  eternal  life,  Shouhsing  and  his  8  genii,  the 
Pa  Hsien. 

A  famous  statue  of  this  god  of  longevity  represents  the  symbol  of 
eternity  by  the  well-known  8  trigrams  in  the  center  of  a  plate  which 
he  holds  in  his  hands. 

The  well-known  8  trigrams  are  also  displayed  on  the  wall  behind 
the  statue,  together  with  the  sacred  numbers  1-8.  The  symbol  is 
called  T'ai-chi-t'u,  the  drawing  of  the  high  majestic  pole  of  life. 
This  image  of  the  god  in  its  onnposition  is  of  a  very  special  style ; 
the  massive  cranium  indicates  the  mass  of  wisdom  concentrated  in  the 
high  forehead  of  the  hoary  god.  The  white  hair,  beard,  eyebrows, 
and  mustache  express  the  great  age  of  the  god,  who  is  practically 
identified  with  the  wise  Lao-tze. 

The  statue  is  placed  in  one  of  the  most  beautiful  temples  in  China, 
at  Kuan-hsien  in  Szech'uan.  The  temple  is  dedicated  to  Li  Ping,  an 
eminent  hydraulic  engineer,  who  by  his  clever  skill,  at  about  the  time 
of  the  birth  of  Christy  corrected  the  mighty  Min  River,  by  ccmducting 
it  through  hundreds  of  canals  over  the  plains  near  the  capital 
Ch'engtu,  by  which  he  converted  a  dangerous  swampy  region,  that 
was  overflowed,  into  the  most  fruitful  and  richest  land  in  China. 
The  temple  is  built  on  a  slope  close  by  the  river.  The  main  hall 
shows  Li  Ping  deified,  with  the  statue  of  the  god  of  longevity  far- 
ther back,  to  sigmfy  that  this  great  man  eoaanated  from  him  and  had 
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grasped  his  profound  wisdom,  by  which  he  was  cnaUed  to  perfom 
the  great  deeds  for  which  he  was  entitled  to  the  perpetual  gratitode 
of  the  people. 

The  god  of  longevity  and  his  ei^t  genii  are  eyerywhere  rej^e- 
sented  throughout  China  and  pUy  an  impcMrtant  part  in  the  daily  Ufe 
(pL  2).  A  table  with  eight  s^ts  is  designated  as  ^  the  table  of  the 
eight  genii ""  (fig.  3). 

Reception  halls  are  furnished  with  four  tables,  eadi  with  two  aetts; 
that  is,  again,  eight  in  alL  At  the  end  of  the  hall  there  is  a  handsome 
broad  sofa,  for  the  two  most  distinguished  guests,  r^resenting  the 
two  principles,  male  and  female,  which  are  inclosed  in  the  circle. 
As  symbolical  of  eternity,  purity,  highest  wisdom,  and  truth  some 
handsome  article  is  placed  in  the  axis  of  the  rocHu;  a  vase,  a  pieoeof 
mystic  carving,  or  a  mirror,  a  handsome  picture,  or  written  sanixsax 
b  hung  on  the  walL  These  make  an  exact  representaticm  of  the 
sacred  number  9=8  plus  1.  Ancient  China  had  9  Provinces,  that  are 
represented  by  bronze  vases.  Present  China  has  2X9=18  Provinces, 
that  are  often  identified  with  the  18  Lohan,  the  disciples  of  Buddha. 
This  ancient  symbdical  number  9  constantly  recurs  in  their  injii- 
tecture;  for  example,  the  altar .  of  Hteavcn  at 
|[     ill     J  Peking  is  so  c(mstructed  that  the  two  uppermost 

^^ pUtforms  consist  of  rings  of  free-stones,  each 

divisible  by  9  (9, 18, 27,  etc,  fig.  6). 

Besides  this,  one  is  constantly  finding  com- 
binations of  3  and  9,  3X3=9  is  very  much  used 
in  the  temple  plans  illustrated  in  figure  6,  tiut 
shows  the  ground  plan  of  a  temple  in  the  c^ter 
Fio.  s,-The  ei^t  feou  ^f  which  the  ssnctuary  is  placed.  The  reverential 
approach  and  adoration  before  the  gods  in  the 
temples  consist  of  a  kowtow  repeated  3X3=9  times.  The  numbers 
10  and  12  are  easily  deducted  fr<»n  the  ground  number.  Five 
doubled  equals  10,  combined  with  the  male  and  female.  The  f<^ 
quadrants,  each  divided  into  three  parts,  combining  the  ener^ 
system  of  3  with  the  harmonic  system  of  4,  as  3X4=12;  by  further 
multiplication  and  combination  we  have  21^  60,  and  360,  tl^  degrees 
of  the  circle,  whidi  was  known  to  the  Chinese  ages  ago.  By  such 
division  of  the  numbers  there  results  from  the  diagram  of  8  t]>e 
countless  variety  of  phenomena  that  are  perscmified  as  gods  tod 
placed  in  the  temples  and  houses  to  represent  ideas. 

This  is  a  wide,  special  field,  and  here  attenti<m  is  invited  only  to 
the  rhythm  that  is  derived  from  the  theory  of  numbers. 

These  numbers  that  may  be  said  to  be  derived  purdy  mathemati' 
cally  (the  Chinese  are  great  mathematicians)  are  confirmed  in  nature 
as  duality  of  sex,  two  eyes,  ten  fingers,  and  their  rdation  to  the  visiUe 
order  of  the  universe,  the  months,  the  zodiac,  stars,  etc.,  that  introduce 
the  lacking  numbers  6  and  7  with  their  cosmic  significance.    This 
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consideration  is  necessary  to  understand  the  rhythm  of  Chinese  cul- 
ture. We  are  reminded  of  the  system  of  Pythag<»:as,  in  which  num- 
bers represent  the  intelligence  of  the  w<»:ld.  His  system  may  be  ex- 
plained and  understood  by  the  Chinese  system  which  I  shall  designate 
as  the  cosmogonic  numbers. 

The  pagodas,  that  stand  out  as  isolated  columns,  are  well  adapted 
to  represent  the  number  4  of  the  gods,  or  that  of  8  or  16.  Their  in- 
terior always  contains  an  image  of  a  Buddha  or  a  sacred  memorial  of 
him  that  embodies  the  conception  of  the  world,  and  around  which 
the  other  gods  are  marely  grouped. 

A  marble  pagoda  in  Canton,  erected  about  the  middle  of  the  ei^t- 
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eenth  century,  has  four  sides, 
on  each  of  which,  indicating 
the  four  cardinal  directions, 
there  are  the  great  Bodhi- 
satvas  riding  a  lion,  an  ele- 
phant, or  other  symbolical 
animaL 

Another  beautiful  pagoda 
is  on  the  island  of  Pii-t6-shan. 
It  was  built  at  the  latest  dur- 
ing the  Ming  dynasty,  and  it 
is  a  clear,  vigorous  presenta- 
tion of  the  rhythmic  number 
of  Buddhas  on  its  four  sides. 

The  octagonal  great  pagoda 
in  T'ien-ning-sze  at  Peking, 
dating  from  the  Mongolian 
period,  i&  covered  with  large 
reliefs  in  stucco,  and  is  highly 
ornamented  with  elaborately 
sculptured  tiles.  The  small 
entablature  carriers  are  very  natural,  carrying  cornices  after  the 
manner  of  Atlants. 

Sometimes  four  pagodas  surround  a  central  pagoda.  The  Emperor 
K^ien-lung  in  1793  built  an  imposing  group  in  m«nory  of  Panchen 
Erdeni  Lama,  who  died  while  on  a  visit  in  Peking.  It  is  entirely  of 
marble  and  very  elaborately  covered  with  ornamentations  and  sculp- 
ture. The  central  s^*ucture  is  on  a  high  terrace  surrounded  by  four 
small  octagonal  columns.  The  rhjrthm  of  the  numbers  is  repeatedly 
represented  in  its  relation  to  religion.  The  most  important  of  these 
marble  pagodas  is  that  at  the  temple  of  Pi-yiin-sze,  previously  men- 
tioned as  one  of  the  most  beautiful  temples  in  China.  It  is  situated 
near  P^ing,  in  the  western  hills,  with  numerous  other  temples  that 


Fio.  4.— ReoepUon  hall,  with  large  sofa,  four  tables,  and 
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form,  as  it  were,  a  glorious  crown  for  the  capitaF  of  the  Empire.  The 
approaches  to  the  pagoda,  which  were  also  built  by  E^ien-lang,  lead 
through  a  marble  gate.  The  spires  of  the  pagoda  then  appear 
risiUe  in  the  distance  behind  a  second  gate.  The  marble  strodore 
stands  upon  a  high  platform  and  is  most  elaborately  coTered  with 
ornamentations  and  Buddha  reliefs,  and  carries  cm  top  five  four-sided 
pagodas.    Here  there  is  a  cjrpress  tree,  with  nine  sacred  brancbes, 


FiQ.  5. — Temple  of  Heaven  in  Peking. 


Sacrificial  altar. 


that  was  planted  by  the  late  Empress-Dowager  with  her  own  hands. 
The  buildings  are  in  a  dense  grove  of  cypresses  and  pines,  amcH^ 
which  a  species  of  pine,  the  Pinus  hungea/rui^  that  has  a  snow-white 
bark.    In  the  soft  moonlight  this  grove  is  enchanting. 

The  ascent  is  by  a  wide  staircase,  the  Buddhas  greeting  from  above. 
CcMnfortable  steps  lead  up  into  the  interior  of  the  buildings  to  the 
uppermost  terrace  on  which  the  pagodas  stand — one  in  the  middle 
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and  the  others  at  the  comers.  The  numbers  4,  8,  and  16  are  apparent 
The  four  great  Bodhisatvas  sit  on  the  sides  of  the  central  pagoda, 
while  the  4X4=16  surfaces  of  the  four  side  pagodas  have  the  16 
disciples.  In  the  course  of  time  two  were  added  in  China,  and  they 
now  have  2X9=18  disciples  of  Buddha — a  number  that  has  a  more 
profound  significance  for  the  Chinese.  Here  and  there  they  have 
erected  temples  for  as  many  as  500  disciples  or  Lohan.  The  bronze 
umbrella  that  surmounts  the  central  tower  on  the  terrace  is  pierced 
to  display  the  eight  trigrams  between  clouds,  finely  alluding  to  the 
order  higher  up  in  the  air.  Two  bottle-shaped  pagodas  also  stand 
on  the  terrace;  these  have  bottle-shaped  bodies,  representing  the  soap 
bubble,  indicative  of  the  frailty  of  life.  But,  as  symbolical  of  eternal 
life,  lovely  Buddhas  are  throned  in  niches  with  lotus  flowers;  the 
overhanging  soles  of  their  feet  rest  in  lotus  sandals  so  as  not  to  come 
in  contact  with  the  imperfect  world. 

The  idea  of  sanctity  in  the  interior  of  a  pagoda  has  been,  it  is 
allowable  to  say,  trandated  into  practice,  by  placing  the  mummified 
gilded  remains  of  a  chief  priest  in  the  interior,  as  was  done  in  the 
beautifully  located  city  of  Kiatingfu  in  Szech^uan. 

The  important  temples  are  preferably  threefold.  They  have  three 
parallel  axes,  again  expressing  the  trinity  in  architecture.  The 
entrances  to  the  Confucian  temples  and  the  temples  in  the  sacred 
mountains  (pi.  3)  are  threefold.  The  middle  opening  faces  the 
shen  luy  the  pathway  of  the  ghosts,  that  one  dare  not  cross.  A  strip 
laid  off  in  the  pathway  is  inlaid  with  dragon  plates,  as  a  notice  that 
only  ghosts  pass  there.  Even  the  Emperor  must  enter  the  Temple  of 
Heaven  by  the  eastern  entrance  when  he  goes  to  sacrifice  to  his  an- 
cestors and  to  Heaven.  The  middle  is  the  incomprehensible,  the  holy 
(as  it  lies  inclosed  in  the  circle),  the  perfect,  about  which  the  two 
principles,  "male  and  female,  contend.  These  conflicting  forces  of 
nature  are  embodied  in  the  dragon,  the  national  emblem  of  China. 
This  is  also  conceived  as  double,  male  and  female.  In  a  celebrated 
ever-occurring  representation  two  dragons  are  shown  playing  with  a 
pearL  This  motive  is  very  cleverly  executed  on  a  bronze  table  of 
the  Ming  dynasty,  in  a  temple  on  the  summit  of  the  sacred  mountain 
Omeishan  in  Szech'uan.  The  dragons  play  with  the  pearl,  the  image 
of  the  highest  purity  and  perfection*  They  play  with  it  but  never 
reach  it. 

The  dragons  are  the  embodiment  of  the  male  and  female  force.  I 
wish  to  emphasize  that  this  dualism  has  nothing  to  do  with  good  and 
evil.  It  is  the  symbol  of  life,  that  the  conflict  of  two  principles  does 
not  permit  perfect  truth  to  be  attained. 

The  combined  beauty  and  artistic  strength  of  this  composition  is 
repeated  in  a  Confucian  temple  in  Szech'uan.  Two  pairs  of  dragons 
are  coiled  upon  the  balustrade  of  the  great  bridge  that  crosses  the 
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semicircular  ritomlistic  pool;  they  look  toward  the  ooiter  of  the 
pathway  of  the  gfaoats  in  the  main  axis.  This  pathway  is  a  silent, 
unspoken  idea,  related  to  some  religions,  in  which  the  name  of 
the  highest  Being  dare  not  be  mentioned.  Ko  steps  lead  up  to  the 
elevated  hall,  these  are  replaced  with  an  inclined  marble  slab  that  is 
splendidly  engraved  with  significant  scries  (pL  4,  fig.  2). 

Lao-ye  is  known  as  the  god  of  war  by  the  Europeans,  as  he  wis  a 
renowned  generaL  But  for  the  Chixiese  he  is  the  god  of  excellent 
life  conduct,  of  tried  faith,  and  an  ideal  of  these  virtues.  The  two 
dragons  are  depicted  as  playing  around  this  image  of  perfecti(m,  (m 
the  back  wall  of  the  altar  in  the  home  city  of  Lao-ye  at  Kai-chou  in 
Shansi.  It  is  a  repetition  of  the  expression  of  the  struggle  for  highest 
perfection.  This  life-like  statue  of  the  hero  from  the  golden  period 
of  China's  knights,  that  of  the  three  kingdoms,  is  specially  hoDored 
The  image  appears  to  be  reading  the  Ch'un  ch'iu,  the  fifth  canonicil 
book  (pi.  4,  fig.  1). 

The  dragon  gate  remains  to  be  mentioned.  This  is  the  entraooe 
to  perfection.  Whosoever  crosses  by  the  pathway  of  the  ghosts— 
whosoever  knows  that  the  two  principles  of  the  gate  are  toit  the 
apprehension  of  the  eternal — for  this  initiated  one  the  door  of  wisdom 
is  (q>ened.  It  is  said  of  a  student  who  has  passed  his  examinaticMas 
that  he  has  passed  through  the  dragcm  gate.  He  has  the  pearl  of 
perfection  or  is  identified  with  it. 

It  is  said  "  The  fish  rushes  through  the  dragon  gate.''  FcMineriy 
a  stupid,  ignorant,  dumb  fish,  but  after  having  passed  through  the 
dragon  gate,  he  is  changed  into  a  dragon;  that  is,  a  being  of  intellect 
and  power.  That  is  done  by  the  divine  breath  of  the  powerful 
dragon  in  the  clouds  in  the  air,  which  blows  his  animating  breath 
through  the  dragon  gate.  In  the  swirl  .of  waters  between  the  c]iSs 
and  rocks,  the  carp  swim  around  to  partake  of  the  enlighteninent 
(pi.  5,  fig.  2). 

They  are  not  content  with  two  dragons,  but  miiltiply  them  as  there 
are  forces  and  phenomena.  The  most  naturally  increased  number  is 
8,  corresponding  to  the  eight  trigrams.  Beneath  a  vaulted  roof  s 
dragon  coils  around  each  of  the  supporting  columns,  struggling 
toward  the  center  from  whose  zenith  the  divine  pearl  of  perfection 
is  suspended. 

The  dragon  always  represents  something  th(»rou^ly  good,  while 
the  serpent  something  related  to  the  dononiac,  the  inodculable,  and 
in  opposition,  as  if  belonging  to  the  devil  Mephistopheles,  but  it  is 
not  in  any  respect  wicked  or  evil  of  itself.  It  is  combined  with 
the  conception  of  the  dark  kingdom  of  the  nether  world,  as  is  con- 
ceived in  the  celebrated  entrance  Fengtu,  on  the  Yangtze  in  Sze- 
ch'uan.  This  mountain  has  a  mysterious  opening  near  its  summit, 
which  is  the  entrance  to  the  world  below.    It  is  covered  with  temples 
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Plate  3. 


i/empefdes  ReiCip.  Serges  ^  -  shan 
in  dai  •  ngan  ^fu .  ^/Rantunp. 


Ground  Plan  of  T'ai-miao,  the  Temple  at  the  Foot  of  the  Sacred  Mountain,  T'Ai-sHAN, 

IN  Shantung. 
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Plate  4. 


Laoye,  the  God  of  Excellent  Life  Conduct. 


Dragon  Balustrade  in  Confucian  Temple  at  Wan-hsien  in  Szech'uan. 
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for  all  the  different  kinds  of  gods  who  have  been  in  any  manner  asso- 
ciated with  the  other  world.  One  of  these  temples  enthrones  the  ser- 
pent king.  Eight  serp^its  coil  around  the  columns  before  him,  and 
one  hangs  down  from  the  middle.  This  is  in  contrast  with  the  eight 
blessed  dragons  with  the  pearl,  as  in  the  temple  of  Kuanyin,  the  god- 
dess of  mercy,  on  the  sacred  island,  PA-t&-shan,  in  the  extreme  east. 

In  this  manner  the  embodiment  of  the  numbers  3,  8,  and  9  may  be 
developed  to  ideally  represent  the  infinity  of  phenomena.  This  idea 
is  embodied  by  the  impressive  aureole  of  the  Buddha  with  his  thou- 
sand arms  and  hands  in  the  temple  of  Great  Lamentations  at 
T'aiyiianfu,  the  capital  of  Shansi.  Everything  in  our  physical  world 
as  separated  from  the  pure  idea  of  the  divine  and  from  the  true  nature 
is  imperfect,  piecework,  and  fleeting.  The  Buddhist  says  that  the  best 
feature  of  matter  is  its  transitoriness.  All  creatures  may  groan  and 
bewail  their  existence  and  endeavor  to  become  a  Buddha  from  whom 
they  came  forth  as  the  arms  of  the  statue.  This  is  the  signification  of 
the  Buddha  of  Great  Lamentations,  of  whom  there  are  three  gigantic 
images  in  the  spacious  halls  of  this  temple. 

The  rhythm  in  the  infinity  of  the  world  of  phenomena  is  illustrated 
by  the  Buddha  in  the  temple  of  the  500  Lohan  in  Suchon.  He  is 
here  represented  with  four  bodies  growing  out  of  the  middle  and 
having  his  thousand  arms  stretched  out  diagonally.  These  are  the 
basic  niunbers  4  and  8  of  the  rhythmic  world.  They  correspond 
to  the  four  sacred  Buddhist  mountains,  the  four  great  Bodhisatvas 
and  the  swarm  of  gods  throughout  the  world. 

The  old  Chinese  temples  formed  a  quadrangle  with  comer  turrets 
and  four  gates.  The  Buddhist  thus  conceives  the  spiritual  world 
and  represents  it  as  Buddha^s  sacred  castle. 

Buddha's  sacred  castle  is  a  representation  of  the  conception  of  the 
world  as  a  whole,  like  a  city,  as  the  Chinese  think  of  their  country 
with  its  five  sacred  mountains  The  whole  is  inclosed  in  a  quadrangle 
by  a  crenalated  wall  with  the  round  sanctuary  in  the  center.  There 
is  a  gate  on  each  side,  four  in  all,  and  a  tower  on  each  comer.  Four 
guardians,  or  disciples,  stand  on  each  side  wall  or  sixteen  in  all  (pi.  5, 

fig.  1). 

The  idea  of  having  a  stronghold  of  faith  capable  of  military  de- 
fense is  actually  carried  out  in  Jehol  in  the  Lama  temple  Potala,  a 
copy  of  the  castle  of  the  late  Dalailama  in  liiassa.  Massive  walls 
surround  the  interior  five  structures,  the  approaches  to  which  are 
terraced-like  fortifications  to  secure  the  battlement  and  it  is  a  symbol 
of  challenge  by  the  shield-bearer  of  religion. 

The  idea  is  developed  on  a  grand  scale  in  the  plans  of  P^ng  and 
other  large  cities.  The  Emperor's  throne  is  in  the  hall  in  the  center 
of  the  palace  of  Peking.  Numerous  courts  surround  this  palace, 
which  all  lie  within  the  forbidden  red  city,  this  in  turn  is  located 
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within  the  imperial  city,  and  that  within  the  Manchn  city,  all  being 
arranged  with  accurate  reference  to  the  meridian  line.  Each  of 
them  has  its  gates  and  towers  disposed  exactly  as  those  of  the  great 
temples. 

The  architecture  of  the  gates  and  towers  of  sudi  large  cities  as  that 
at  Hsinganfu,  the  ancient  capital  of  the  Empire  (pi.  6,  fig.  1),  is 
naturally  developed  in  acccNrdance  with  their  needs — ^with  three  towers 
in  a  flight,  then  the  two  lode  chambers  between,  and  the  ba8ti(»s  of 
the  city  walL  But  the  idea  is  a  practical  expression  of  the  accord 
with  religion.  These  structures  have  their  distinct  forms  of  stalnlity 
and  architectural  rhythmic  tone  as  the  Buddha's  sacred  castle. 

The  warlike  comer  towers  of  Peking  are  not  only  for  military  pur- 
poses, but  have  a  religious  signification  and  find  their  counterpart 
in  the  walled  battlements  of  the  temples  in  the  sacred  mountains. 

Peking  reflects  the  world.  The  four  sides  of  the  city  contain  the 
temples  of  heaven — agriculture,  the  sun,  the  moon,  and  the  earth. 

The  Chinese  regard  the  entire  country  as  a  rhythmic  whole.  The 
sacred  mountains  express  this  spiritual  conception.  There  are  fin 
ancient  Chinese  sacred  mountains,  one  each  in  the  north,  south,  east, 
and  west,  and  one  in  the  center — again  the  number  5.  Nature  con- 
tributes more,  as  in  the  western  mountain  of  Huashan  in  Shensi, 
which  has  five  sharply  outlined  highest  peaks  that  again  illustrate 
the  center  and  four  cardinal  directions.  This  is  likewise  the  case  at 
the  Buddhbt  mountain  Wut'aishan,  whose  five  highest  peaks  present 
an  image  of  the  universe,  which  is  also  emphasized  by  its  five  sacred 
colors.  Each  of  these  old  Chinese  sacred  mountains  that  rise  up 
majestically  from  out  of  the  midst  of  the  plains  has  a  large  temple 
at  its  foot. 

The  extension  of  the  axes  of  these  t^nples  leads  directly  across  to 
the  highest  point  of  the  sacred  mountain.  This  is  impressively  seen 
from  the  Hua  yin  miao  tower  of  the  sacred  temple  of  Huashan.  The 
temples  are  built  as  fortified  castles  with  crenalated  walls,  gates, 
and  turrets  inclosing  the  main  sanctuary  in  its  midst,  with  Inroad 
approaches  through  rectangular  colonnades,  and  as  a  whole  present 
a  conception  of  the  universe. 

A  brief  description  of  the  sacred  mountains  is  of  interest  That  of 
T'aishan,  in  Shantung,  is  the  most  eastern,  th&  most  famous,  and 
doubtless  the  most  ancient  of  all.  One  goddess  has  gradually  become 
the  chief  goddess  of  this  mountain.  She  is  the  most  popular  among 
the  people.  She  is  supposed  to  make  excursions  over  all  the  coimtry, 
where  she  is  worshiped,  and  as  she  travels  about  and  returns  she  must 
be  provided  witti  travel  palaces  for  rest,  as  for  the  Emperor.  These 
are  the  small  temples  usually  consisting  of  merely  a  prayer  hall, 
which  is  often  profusely  decorated  with  handscmie  glazed  ornaments 
and  the  most  lively  representations.    In  a  oratral  circle  of  a  gable 
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of  one  of  these  small  temples  there  is  a  representation  of  the  pilgrims 
with  pious  zeal  striving  to  make  the  weary  journey  to  the  summit,  to 
reach  the  sanctuary  of  the  goddess.  The  masses  of  pilgrims  who  to 
this  day  make  these  ascents  bear  out  the  realistic  truth  of  this  scene. 
Most  pilgrim^  walk;  the  rich  are  carried  in  sedan  chairs.  A  little 
below  the  summit  of  this  mountain  the  southern  gate  of  heaven  is 
reached  by  means  of  steep  steps  known  as  heaven's  ladder.  The 
mountain  has  four  such  approaches  in  the  four  cardinal  directions, 
and  thereby  reflects  the  totality  of  the  sacred  mountain  with  the 
world  order.  The  bald  rocky  peak  is  1,500  meters  high  and  is  covered 
with  temples,  ancient  inscriptions,  and  religious  curiosities.  I  passed 
a  wretched  October  night,  unprepared  for  inclement  weather,  in  the 
highest  temple,  where  broken  windows  on  opposite  sides  permitted 
the  cold  storm  to  blow  through  uncomfortably. 

The  main  hall  of  the  temple  of  the  southern  sacred  mountain 
Hengshan,  in  Hunan,  shows  the  elegant  slender  proportions  of  the 
Province  of  Hunan,  where  they  always  use  their  favorite  long  slender 
stone  columns. 

The  serrated  cylindrical  mountain  of  western  Huashan,  in  Shen- 
si,  is  seen  projecting  from  the  mountain  masses  two  days'  journey 
distant.  The  ascent  is  really  dangerous;  nevertheless  thousands  of 
pilgrims  annually  ascend  it.  Iron  chains  are  fastened  to  it  to  safe- 
guard from  falling  from  the  precipice.  I  measured  this  precipice, 
which  is  560  meters  high  in  a  vertical  line.  In  June  one  finds  a  splen- 
did forest  and  beautiful  flowers  in  bloom  at  the  summit,  2,000  meters 
high. 

The  flying  clouds  appear  whitest  at  the  highest  peaks,  and  the 
Chinese  associate  them  with  their  conception  of  the  departed  spirits. 
From  these  heights  one  looks  down  over  the  famous  bend  of  the 
Huang  or  Yellow  River,  that  appears  quite  as  distinctly  as  that 
delineated  on  the  map. 

The  four  sacred  Buddhist  mountains  were  obviously  regarded  as 
sacred  in  ancient  China  already  before  the  advent  of  Buddhism,  and 
traces  of  the  ancient  sanctity  are  still  seen  on  Wut'aishan  and 
Omeishan.  The  Buddhists  then  drave  the  old  Taoists  away,  as  they 
are  now  doing  gradually  in  the  southern  mountain  Hengshan.  The 
four  mountains  are  dedicated  to  the  great  Bodhisatvas  of  wisdixn, 
efficiency,  the  goddess  of  mercy,  and  the  god  of  the  nether  regions, 
that  mercifully  guides  the  soul.  This  sacred  mountain  is  located  in  a 
geologically  famous  region  near  Nganking  and  is  of  volcanic  origin. 

The  sacred  Buddhist  mountain  Wut'aishan,  in  Shansi,  is  an  excep- 
ti(m  to  the  other  sacred  mountains,  inasmuch  as  the  monastery  build- 
ings do  not  gradually  extend  up  and  connect  with  the  summit  to 
reach  the  holiest  sanctuary,  but,  seventy  in  number,  are  distributed 
over  the  elevated  plateau  at  a  height  of  1,800  meters,  and  surround 
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the  imposing  white  pagoda,  that  is  nearly  2,000  years  old,  as  diickens 
around  the  hen.  This  is  risited  by  Mongolian  pilgrims  in  winter, 
when  it  is  yeiy  cold.  The  mountain  with  its  five  symbolical  peaks, 
here  reaches  to  a  height  of  over  3,000  meters  (pL  6,  fig.  2). 

The  court  of  the  largest  temple  affcvds  a  good  point  of  view  of  the 
arrangement  of  the  temples  in  this  mountain.  Its  main  hall  is 
vaulted  in  its  interior  and  shows  traces  of  Indian  influence  oa  its 
fa^des.  In  the  background  similar  buildings  stand  out  with  a  num- 
ber of  pagodas  and  little  temples  of  gilded  bronze  with  splendid 
details  of  the  Ming  dynasty  which  holds  such  a  prominent  place  from 
an  artistic  standpoint 

The  temple  on  the  Omeishan  Mountain  in  Szech'uan  is  much  more 
simple,  the  mountain  being  at  an  elevation  of  3,300  meters.  The 
buildings  are  made  of  boards  with  wooden  posts  and  board  roofs. 
These  temples  are  arranged  to  accommodate  large  numbers  of  pil- 
grims. Some  of  them  can  quarter  several  thousand  pilgrims  at  cme 
time.  The  highest  peak  is  crowned  with  a  little  house  from  which 
there  is  but  a  step  to  the  sky. 

A  lifelike  statue  of  a  deceased  high  priest  clothed  in  rich  vest- 
ments sits  in  one  of  the  temples  in  this  neighborhood.  Probably  it 
was  he  who  sang  the  praises  of  this  most  imposing  sacred  mountain. 

Glory  now  spreads  around  Omeishan  peak. 
Now  by  full  autumnal  moonlight  I  Inylte 
Holy  spirits  to  drink  and  rhyme. 

With  bamboo  cane  step  by  step  I  ascend  the  highest  peak. 

What  luck  pure  wind  now  wait  t]ux>ufi^  every  space ! 

Slowly  burning  incense  I  ascend  to  the  holy  halls  in  decf)  snow ! 

P(i-t6-shan  in  the  Chusan  Archipelago,  east  of  Ningpo,  is  the  sacred 
island  of  Kuanyin,  the  goddess  of  mercy,  who  in  her  propitious  boat 
saves  all  people  across  the  stormy  sea  of  life  to  the  banks  of  happi- 
ness. Her  temple  Fa-yii-szu,  where  "  Buddha's  law  drops  like  rain," 
contains  many  precious  relics.  A  handsome  stone  bridge  forms  the 
approach,  behind  which  one  sees  the  ascent  to  the  highest  summit. 
Here  is  an  inscription :  "  Clouds  hang  over  the  cliffs  where  they  are 
highest,^'  and  the  thought  that  he  who  has  acquired  knowledge  shaU 
first  share  the  grace  of  Buddha  is  expressed  by  the  proverb:  Shan 
Jeao  ]i  sheng  (the  sun  rises  first  on  the  mountain  top). 

This  fine  amalgamation  of  the  reality  in  nature  and  the  spiritual 
ideals  is  an  important  characteristic  of  Chinese  poetry  and  art.  Life 
is  only  a  parable. 

The  railing  of  the  bridge  is  covered  with  sculptures.  Pleasing  is 
the  scene  of  two  she  goats  fighting  with  a  kid  standing  by^  while  a 
forest  sprite  on  the  branch  of  a  tree  comfortably  observes  tbe  foolish 
struggle,  indicated  thereby  as  that  of  the  world. 
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Plate  5. 


BUDDHA'S  Sacred  Castle. 


Dragons  and  Dragon  Gate. 
(Glazed  terra  cotta.) 
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Plate  6. 


The  Towers  at  Hsinqanfu. 


WUT'AISHAN,  THE  SaCRED  BUDDHIST  MOUNTAIN  IN  ShANSI. 
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An  exceedingly  lovely  alabaster  image  of  Kuanyin  sits  in  a  glass 
case  in  the  hall  of  the  temple.  The  lips,  eyebrows,  and  eyes  are 
modestly  painted  with  pale  red  and  gold,  otherwise  the  countenance 
shines  out  clear  and  fine,  while  the  figure  is  clothed  with  the  richest 
brocaded  vestments.    Here  is  inscribed : 

Tbe  goddess  hears  the  real  tones  of  the  heart  and  protects  the  supplicant  in 
his  afDlction. 

Another  Kuanyin  sits  on  an  elegant  altar.  She  is  diminutive,  but 
far  famed  on  account  of  her  costliness.  A  part  of  her  face  and 
breast  as  well  as  neck  is  formed  by  a  large  irregular  real  pearl  that 
is  about  10  centimeters  in  diameter ;  the  rest  of  the  face,  hair,  and 
drapery  is  of  pure  gold.  The  beauty  of  the  altar  is  like  that  of  an 
altar  in  the  neighboring  city  of  Ningpo.  This  is  of  wondeful  compo- 
sition, lavishly  adorned  with  sculpture,  painting,  and  gilding,  and 
solemn  in  its  eflfect 

This  elegance  is  also  found  in  the  dwellings.  There  is  a  narrow 
street  in  Ningpo  which  contains  exclusively  modem  wealthy  business 
houses.  Each  house  is  like  a  good  type  for  this  class  of  buildings. 
The  entire  fagade  of  the  three  stories  is  clearly  composed.  Here  we 
notice  the  power  of  the  Chinese  line,  which,  however,  is  dissolved  into 
endless  details  and  carvings,  due  to  their  joy  of  living  and  the  reality. 
It  is  the  rhythm  of  the  imposing  ideal  corresponding  to  the  elabora- 
tion of  the  details,  the  harmony  of  the  macrocosm  and  microcosm. 

The  tomb  of  the  high  pri^  is  near  the  summit  of  the  highest 
mountain  on  the  island  PA-td-shan,  an  auspicious  location,  with  a 
beautiful  outlook  over  the  numerous  islands  of  the  Chusan  Archi- 
pelago. Here  the  soul  of  the  priest  hovers  invisibly  intangible  as  a 
white  doud  and  hither  he  returned  as  to  his  home.  The  tomb  is  in- 
scribed: "The  White  Cloud  has  returned."  The  Chinese  have  a 
special  expression  for  the  poetry  of  nothingness  and  the  state  of 
being  entirely  absorbed  by  Nature:  Kung  hsicmg  (empty  thoughts). 
Another  inscription  on  this  tomb  very  beautifully  expresses  the 
charm  of  solitude: 

There  is  bat  one  cloud  on  the  mountain, 

High  above  the  sea  the  moon  keeps  the  third  watch. 

There  are  nine  mountains  in  all,  and  the  number  satisfies  the  occult 
sense  of  the  Chinese,  who  do  not  make  any  great  distinction  between 
the  two  classes  of  mountains,  and  speak  of  them  as  lou  yo  sze  ta  ming 
shan  (the  five  sacred  and  four  large  famous  mountains).  They  are 
the  foci  of  religious  thought  and  its  manifestation.  I  saw  but  six,  and 
sought  to  visit  all,  but  my  time  would  not  permit.  I  must  regret 
like  the  Chinese  traveler  : 


Bat  yet  I  can  not  visit  all  the  moantains» 
I  most  return  to  the  mountain  of  my  home. 
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A  Chinese  regards  the  mountains  as  thb  fathers  of  things.  He  is 
right  even  according  to  our  conception.  It  is  a  self-evident  fact  that 
the  plains  originated  fnnn  the  mountains,  that  the  ground  upon  whidi 
we  work  and  live  was  formerly  on  them,  and  we  thus  derive  our  life 
and  powers  and  soul  therefrom.  This  fact  is  perhaps  more  a  reality 
in  China  to-day  than  with  us.  The  constant  inundations  of  the  plains, 
the  country  inclosed  by  the  mountain  ranges  and  in  the  numerous  val- 
leys, raises  the  level  of  the  land  annually.  In  Shantung  and  Honan, 
the  Huang,  the  dreaded  Yellow  River,  the  constant  sorrow  of  China, 
still  lies  higher  than  the  broad  expanse  of  the  plains;  and  a  catas- 
trophe which  will  almost  equal  in  damage  that  of  60  years  ago  may 
be  predicted.  The  land  is  constantly  in  moticm  and  demands  un- 
remitting labor  on  the  part  of  the  people.  These  geological  facts  and 
the  constant  changes  have  their  effect  upon  the  disposition  of  the  en- 
tire people  and  make  the  stories  of  China's  torpidity  appear  as  fables. 

Every  Chinaman  is  ccmscious  of  the  fact  that  the  soil  of  the  eaith 
originally  came  from  the  mountains,  to  which  he  looks  up  with 
reverence.  They  were  the  first  recipients  of  sacrifices.  Buddhifln 
I)ersonified  the  mysterious  forces,  and  thousands  of  Buddbas  are 
carved  on  the  rocks.  During  the  T'ang  dynasty,  620  to  907,  Chin» 
was  covered  with  such  images.  Countless  Buddhas  are  carved  on  the 
most  prominent  cliffs  that  characterize  the  landscape,  the  course  of 
a  river,  or  a  great  highway.  One  of  the  finest  examples  of  this  kind 
is  seen  on  the  projecting  diffs  on  the  Kia-ling  Biver  at  Chao-hua  m 
Szech'uan. 

This  idea  is  very  dew:  to  the  Chinese,  who  r^ard  the  mountains 
as  the  source  of  life  and  that  which  animates  the  spiritual  forces 
which  fashicm  our  life. 

The  import  of  these  rock  carvings  is  best  recognized  near  the  dis- 
trict town  Kuang-yiian-hsien,  in  the  northern  part  of  Szech'uan  along 
a  river.  A  magnificent  Buddha  with  his  train  and  other  representi 
tions  of  the  gods  of  colossal  dimensions,  are  carved  on  the  cliffs  ontk 
opposite  side  of  the  river,  alongside  of  which  there  is  a  temple.  This 
image,  as  something  divine  and  entemal,  looks  across  the  river  upon 
the  town  that  stands  in  his  jurisdicticm,  and  endows  it  with  the 
sacred  forces  of  the  mountain  (pi.  7,  fig.  1). 

A  cave  near  Peking  is  covered  with  numerous  small  Buddhas— sor- 
rounding  the  dying  Buddha.  The  caves  are  inhabited  by  spirits  and 
saints.  The  Chinese  written  character  for  the  word  spirit  is  a  own- 
bination  of  the  characters  for  man  and  mountain.  Chinese  history 
is  full  of  the  sayings  of  famous  men,  sages,  and  priests : 

In  life's  ev^iing  wh&x  duty  is  perfbrmed 

He  went  to  the  jnountiiins  and  became  a  spirit 

What  profound  sentiments,  what  poetry  and  emoti<m  is  found 
to  prevail  in  the  nimierous  temples  of  the  mountains,  that  are  em- 
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bedded  in  the  midst  of  a  wilderness  of  rocky  cliffs  with  dense  sacred 
groves,  what  precious  hours  are  passed  there  far  from  the  tumult  of 
the  world !  as  is  inscribed  in  the  words  : 

The  waters  rush  around, 
The  mountains  form  a  wreath, 
The  holy  here  wish  to  while. 
The  moon  shines  clear. 
The  wind  blows  pure. 
The  wise  here  meditate. 

The  priests,  who  see  deeply  into  the  soul  of  nature,  have  naturally 
selected  not  only  the  most  beautiful  sites  for  the  temples  but  have 
furnished  them  internally  in  a  manner  that  is  only  comparable  with 
the  European  monasteries  of  the  Middle  Ages. 

For  several  days  I  dwelt  in  the  temple  Miao-t'ai-sze,  a  most  charm- 
ing residence  in  the  Tsin  ling  shan,  the  remarkable  mountains  of 
south  Shensi,  many  days'  journey  remote  from  any  great  city  (pi.  7, 
fig.  2).  The  guest  house  that  was  placed  at  my  sole  disposal  is  con- 
nected with  a  temple  built  in  honor  of  Changliang,  the  great  Chan- 
cellor of  the  first  Emperor  of  the  Han  dynasty,  200  B.  C.  He  is  still 
remembered  and  to  this  day  regarded  as  the  protecting  spirit  of  this 
region,  where  he  was  bom  and  whither  in  his  old  age  he  returned. 
The  place  is  surrounded  by  mountains  that  tower  above  the  valley 
covered  with  forests  inclosing  a  grove  of  bamboo,  cypress,  and  pine, 
where  one  feels  most  impressively  the  charm  of  solitude.  The  poems 
inscribed  in  this  temple  should  be  read  on  the  spot : 

The  moon  lightens  the  pure  pines. 
Where  the  precious  dragon  floats  and  play& 
The  wind  carries  incense  up  the  mountam. 
Where  holy  spirits  JoyfuUy  return. 


And  further: 


Here  vulgar  noises  are  not  heard. 
Here  dwell  a  few  days,  and  the  place 
Becomes  your  sacred  home. 


Similar  scenes  abound  over  all  China.  Ancient  temples  with  beau- 
tiful pagodas  are  foimd  in  the  woods  or  amidst  the  mountains.  The 
main  halls  of  these  temples  contain  images  of  Buddha's  disciples  that 
are  artistic  and  lifelike. 

Keal  rock  temples  play  a  large  role  in  China  because  of  the  pro- 
found religious  association  with  the  mountains.  Mienshan,  an  iso- 
lated massive  limestone  mountain,  rises  majestically  from  the  rolling 
landscape  and  is  torn  and  broken  with  many  ravines  and  caves.  It  is 
south  of  T'aiyuanfu  in  Shansi  and  is  thickly  covered  with  trees.  In  it 
the  largest  temple  consists  of  about  30  buildings,  all  under  overhang- 
ing diffs.     The  great  cave  resembles  the  Cave  of  the  Winds  at 
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Niagara  Falls,  and  probably  had  a  similar  OTigin — from  a  waterftU. 
Pilgrims  visit  this  place  cmly  onoe  a  yaar,  bat  then  in  large  numb^s. 
The  few  priests  gen^-ally  live  alone,  diut  in  frcHn  the  w(Mrld,  and  thus 
become  hermits.  Many  of  them  live  in  small  huts  or  caves  some 
distance  from  the  monastery,  as  is  still  d<me  to-day  all  over  Chini 
(pi.  8,  fig.  1). 

It  therefore  seemed  natural  that  the  eighteen  disciples  of  Buddha, 
the  Lohan,  should  be  repres^ited  as  a  type  of  anchcM-ets,  in  one  of  the 
temples  at  Omeishan.  This  is  a  celebrated  type  of  these  images 
modeled  after  those  in  a  temple  in  Nanking.  It  occurs  more  fre- 
questly  in  the  marble  pagoda  of  a  temple  on  the  West  Lake  of  Hang- 
dioufu,  that  fortunately  escaped  being  destngred  in  the  Taiping  re- 
bellion. This  has  sixteen  sides,  agreeing  with  the  original  number 
of  Buddha's  disciples.  It  is  vigorously  dec(»rated  and  tastefully  com- 
posed ;  the  images  of  the  disciples  are  carved  into  the  panels  and  con- 
ceived as  anchorets. 

The  t(Hnbe,  in  view  of  the  assodatdcm  with  the  sacred  earth,  are  in- 
variably located  on  the  sl<^>es  of  hills,  where  least  liable  to  be  de- 
stroyed by  natural  causea  This  mode  of  building  is  suggestive  of 
the  idea  that  the  dead  have  returned  to  the  mountain  from  which 
all  life  emanates.  In  China  the  tombs  have  the  finest  andutectore, 
occupy  the  most  conspicuous  sites,  and  are  built  with  most  extrava- 
gant art  The  facade  of  a  family  Uxab  in  western  Szedi^ian  is  an 
example  of  an  effective  artistic  arrangement  in  imitation  of  wood 
architecture.  Tombstones  are  placed  in  front  of  the  fia^e,  and  in 
front  of  these  they  have  the  genii  tables  of  eight  stcme  seats  to  serve 
for  the  feast  of  the  spirits  on  c^ijdn  sacred  days  (pL  8,  fiig.  2). 

In  this  vicinity  I  discovered  the  remains  of  a  tomb  that  was  built 
in  the  period  of  the  Han  dynasty.  Tombs  of  the  Han  dynasty  were 
described  by  Chavannes  and  hitherto  were  not  known  outside  of 
Shantung.  The  pillars  of  the  tombs  are  similar,  but  the  differe&ce 
in  art  between  Szech'uan  and  Shantung  2,000  years  ago,  was  consider 
able.  An  earnest  and  severe  art  characterizes  Shantung,  while  here 
the  need  for  genre  and  life  is  revealed  by  the  crouching  figures  in 
the  comers  and  the  lively  relief  designs  between  the  consoles,  tie 
difference  in  the  art  in  the  different  Provinces  can  here  but  bri^ 
be  alluded  to  in  this  one  instance. 

The  much  praised  beauty  of  Szech'uan  is  revealed  in  many  of  the 
landscapes  of  burial  grounds  that  are  emphasized  by  arrangem^ts 
of  cypress,  cane,  and  the  terraced  slopes  forcibly  accentuated  by 
a  single  tree  at  the  summit. 

The  Pailous,  or  honorary  gateways,  are  mwnorials  of  the  departed 
that  are  to  be  seen  on  all  the  highways  in  China,  chiefly  in  Shantung 
and  Szech'uan;  in  the  latter  they  are  generally  built  of  red  sand- 
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Plate  7. 


Rock  Relief  at  Kuang-yOan-hsien  in  Szech'uan. 


Court  of  Dwelling  in  the  Temple  Miao-tai-sze  in  South  Shensl 
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Plates. 


Temple  in  the  Cliffs  of  the  Mien-shan  Mountain  in  Shansi. 
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stone.  The  vigorously  waved  roofs  and  comers  give  outlines  that 
are  often  capricious,  but  the  harmony  of  the  whole  is  maintained. 

A  quaint  gateway  in  Wuch'aufu,  near  Canton,  is  built  somewhat 
with  Indian  taste.  Upon  close  examination  the  confused  sculpture 
is  solved  and  reveals  elegant  and  finely  wrought  allusions  to  certain 
definite  events. 

In  Szech'uan  the  idea  of  a  gateway-arch  is  frequently  employed  in 
the  development  of  facades  for  temples  and  dwellings.  Everything 
is  lavishly  sculptured  and  painted.  The  edges  of  the  pilasters  are 
artistically  composed  of  a  mosaic  of  small  blue  and  white  pieces  of 
porcelain,  with  brilliant  festive  effect. 

In  Szech'uan,  more  than  the  other  Provinces,  the  natural  beauty 
of  the  fields  and  highways  is  frequently  enhanced  by  temples,  bridges, 
and  altars,  which  are  affectionately  remembered  by  Chinese  in  foreign 
countries.  The  Tu-ti  altars  appear  everywhere,  that  is,  the  little 
roadside  temples  dedicated  to  the  god  of  the  place,  who  is  identical 
with  our  genius  loci.  Grateful,  pious  people  endow  them  by  building 
stone  flag  masts  surrounding  the  sanctuary  and  its  single  tree  often 
in  great  numbers. 

Large  groups  of  sacred  things  are  assembled  at  the  most  prominent 
places.  At  Tze-liu-tsing  I  found  a  Tu-ti  altar  in  the  street  along- 
side of  which  there  was  a  stone  flag  mast,  a  column  surmounted  by 
the  head  of  Buddha  scxnewhat  back,  then  an  altar  for  incense,  and  a 
large  handsome  altar  for  Kuanyin,  the  goddess  of  mercy,  all  of  which 
constituted  the  sanctuary  inclosed  by  clusters  of  bamboos  which  are 
named  for  her:  "The  Bamboo  of  the  Groddess  of  Mercy."  The 
Chinese  thus  put  their  soul  into  nature.  One  of  the  inscriptions 
reads : 

The  lust  of  the  world  Is  vain  forever, 

But  if  you  place  a  Kuauyln  image  on  your  acre,  that  wiU  endure. 

The  combined  sentiment  and  grandeur  with  which  they  treat  sur- 
faces is  exemplified  by  the  imperial  tombs  of  the  present  dynasty. 
The  great  temple  toml^  of  the  Emperors  are  loc&ted  in  a  dense  grove 
of  pines  10  kilometers  long  and  8  kilometers  wide,  extending  up  along 
the  massive  cliffs  of  the  mountain  side.  Grates  alternate  with  bridges, 
avenues  of  stone  animals  with  temple-kiosks ;  and  the  mortuary  temple 
appears  in  front  of  the  tumulus  characterized  by  a  structure  several 
stories  high.  The  entire  arrangement  is  plain  in  the  proportions, 
but  is  most  nobly  and  solidly  built 

This  remembrance  of  the  departed  is  obviously  specially  imposing 
in  this  case,  but  China  is  generally  noted  for  the  worship  of  the  dead. 
The  ordinary  man  honors  his  ancestors  in  his  home  and  at  their 
graves.  The  wealthy  have  special  ancestral  temples  connected  with 
their  own  dwellings,  or  on  a  selected  place,  the  Tze-t'ang,  that  is  often 
garnished  with  indescribable  splendor. 


Digitized  by  CjOOQIC 


664  ANNUAL  BBPOBT  SMITH80KIAN  IKBHTUTION,  191L 

The  Ch'en  family,  a  young  member  of  which  is  at  this  lime  t  stu- 
dent in  Berlin,  has  such  an  ancestral  temple  in  the  h<Hne  at  CtnUm. 
The  temple  consists  of  a  series  of  courts  and  halls  arranged  on  five 
parallel  axes.  The  great  guest  room  for  family  feasts  is  handsome 
and  airy  and  most  elaborately  decorated.  Eadi  compartment  con- 
tains the  four  taUes  and  eight  seats,  repeating  the  well-known  genii 
table  arrangement  of  ei^t  (pi.  9,  fig.  1). 

The  ancestral  hall  proper  has  room  for  4,000  small  ancestral  taUets 
on  five  most  elaborately  carved  altars.  In  front  of  each  of  these  five 
altars  there  are  five  blue  ritual  vases.  Everything  is  built  of  the 
richest  materials  and  significant  also  from  an  architectural  point  of 
view. 

The  mountains  play  an  imp(Htant  part  not  oolj  f cht  the  sites  of 
temples,  tombs,  and  ancesti^al  temples  but  for  the  locations  of  the 
cities  of  the  living.  They  prefer  sites  near  a  mountain,  and  when 
other  advantageous  conditions  are  available,  such  as  the  course  of  a 
river  near  the  moimtain,  they  consider  the  beauty  of  ihe  location  ptf* 
feet.  The  Chinese  designate  this  as  Fengshui,  meaning  that  the  citu 
relations  to  wind  and  water  are  perfect 

The  large  cities  and  almost  all  others  are  located  in' most  dever 
ocmcord  with  the  natural  c<mditions  to  combine  most  advantageously 
the  industrial  interests  with  the  most  beautiful  environment  possible. 
The  manner  in  which  the  Chinese  artistically  build  their  stnictores 
to  harmcmize  with  the  natural  environment  is  astonishing.  The 
Province  of  Szech'uan  has  the  most  beautifuUy  located  cities.  Kit- 
tingfu  on  the  Min  River,  a  branch  of  the  Yangtze,  is  a  conq>i<moas 
example.  European  gunboats  steam  by  this  city  in  the  very  heart  of 
the  Enq)ire,  among  others  the  Grerman  gunboat  VaterUmd  (pL  10^ 

fig.  1). 
The  river  flows  along  the  south  and  eastern  sides,  and  the  city 

spreads  out  from  the  comer  northwestward  where  there  is  a  mooD' 
tain  that  is  conceived  to  have  been  the  progenitor  of  it,  and  fr*^ 
which  it  derives  its  forces  and  souL  With  this  conception  the  taoq^ 
was  built  oa  its  summit  for  the  protecting  god  of  the  city.  lUs 
temple  has  a  pantheon  arranged  with  a  central  compartment  for  the 
main  god,  Yu-huang,  tiie  Jewel  Emperor,  who  is  preferably  conceived 
as  the  incorporation  of  the  spirit  of  the  mountain.  He  appeals  in 
three  images,  three  manifestaticms,  that  are  disposed  one  behind  the 
other,  so  that  the  image  most  advanced  in  front  appears  to  have  a 
more  human  resemblance  than  the  others  that  are  more  in  the  diiB 
shadow  of  the  altar  in  the  rear.  This  is  a  most  impressive  reiwesen- 
tation  of  the  triad.  The  great  pantheon  of  the  gods  fills  the  other 
space  within  this  temple.  These  gods  are  the  embodiment  of  virtaes 
and  religious  ideals  that  are  specially  revered  in  physical  forms. 
The  altars  are  placed  in  the  axial  lines.    The  two  pillars  on  the  sidei 
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Plate  9. 


The  Ancestral  Temple  of  the  Ch'En  Family  at  Canton.    The  Reception  Hall, 


Graves  on  the  Mountain  of  the  White  Clouds  at  Canton. 
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of  the  axis  have  lively  modeled  carved  dragons  coiled  around  them 
that  reach  out  toward  the  main  axis  with  the  sanctuary  in  the  center 
(fig.  6). 

The  river  flows  by  steep  cliflfs  opposite  the  southeast  of  the  city, 
where  it  is  surmounted  by  the  pagoda  of  the  city.  It  is  a  rule  in 
China  to  have  a  tower  in  the  southeast  of  the  city,  either  on  the  city 
waU  or  without  in  its  outskirts,  for  Kueihsing,  the  god  of  literature, 
who  dwells  in  the  sky  in  the  constellation  of  the  Great  Bear.  In 
Shansi  these  detached  towers  are  to  be  seen  near  every  town  and 
village  and  have  often  a  pleasing  and  a  varied  form.  In  Eliatingfu 
there  are  many  other  features  that  are  supposed  to  guarantee  sanctity 
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Fig.  6. — Qronnd  plan  of  temple  at  Klatingfa. 

and  peace  to  the  city  besides  the  pagoda.  Among  these  there  are 
a  great  many  images  of  Buddhas  carved  on  the  cliflfs  opposite  the 
city,  one  of  these  standing,  is  6  metiers  high,  another  gigantic  image 
sitting  is  30  meters  high.  Besides  hallowed  caves,  filled  with  gods, 
ancient  temples,  and  great  stones  carved  with  the  holy  trigrams  as 
previously  described.  The  embalmed  and  gilded  mummy  of  a  high 
priest  sits  in  one  of  the  temples,  and  there  are  temples  for  the  poet 
kSu  Tung-po  and  others.  Sanctity  is  thus  concentrated  in  what  is 
conceived  to  be  the  proper  place  southeast  of  the  city.  From  the 
opposite  side  the  great  temple  of  the  "Ancient  of  the  mountain" 
looks  down,  while  another  pagoda  in  the  city  holds  the  balance 
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(beetween  the  two  pagodas  of  soutiieast  and  northwest).  The  beauty 
of  this  region  may  be  imagined  and  is  expressed  by  an  inscriptioii 
in  the  mountain  temple:  ^How  propitious  is  this  site!  Here  one 
sees  the  river  winding  around,  the  broad  plains  stretching  out  to 
the  southward,  and  to  the  westward  the  three  highest  peaks  of 
Omeishan.'' 

The  reference  to  this  patriarch  of  the  mountain,  and  the  triad  of 
its  highest  peaks  are  reflected  by  the  triad  of  the  chief  god  in  the 
temple. 

This  is,  on  the  part  of  the  Chinese,  at  the  same  time,  a  reminisoeDoe 
of  the  Buddhistic  trinity  and  the  trinity  of  Chinese  religion :  Buddha, 
Laotze,  and  Confucius. 

I^milarly  located  cities  are  found  elsewhere  than  in  the  most 
beautiful  Province  of  Szech'an.  This  feature  is  also  characteris- 
tically seen  in  Canton,  in  the  extreme  southern  part  of  Kuangtung. 
This  city  is  also  located  near  a  mountain,  its  revered  ancestral  pro- 
genitor, with  a  pagoda  to  the  southeast  to  guard  the  spiritual  ci^. 
A  five-storied  temple  on  the  siunmit  has  the  two  gods  sitting  in  tlie 
uppermost  hall,  who  constantly  oversee  and  promote  the  daily  life 
of  the  Chinese.  These  gods  are  Wen-chang,  the  good  of  knowledge 
and  learning,  and  Lao-ye,  the  god  of  efficiency  and  Iw^very.  The 
Chinese  designate  this  duality  as  Wen  Wu,  which  Europeans  haw 
correctly  translated  as  civil  and  military,  but  the  Chinese  give  that  a 
more  profound  signification.  They  guard  the  city  and  all  prosperity 
depends  upon  their  aid. 

Canton  is  connected  to  the  northward  with  the  famous  mountain 
of  the  White  Clouds,  and  the  hill  of  the  city  forms,  as  it  were,  a  spur 
of  this  moimtain.  The  souls  of  the  departed  are  conceived  as  white 
clouds,  and  when  the  mountain  is  most  densely  enveloped  in  clouds 
the  Chinese  think  that  the  souls  of  all  the  departed  are  congregated 
on  the  mountain  from  which,  on  the  other  hand,  all  life  came.  It  is 
thus  a  conception  of  the  circle  of  all  existence. 

This  conception  is  given  sublime  expression  by  the  disposition  of 
the  graves  which  beginning  in  the  north  of  the  city  extend  to  the 
mountain  of  the  White  Clouds,  where  in  many  splendid  temples 
countless  gods  are  sitting,  who  in  this  life  as  well  as  in  the  future  one 
are  man's  guides  and  ideals.  This  necropolis  is  even  for  China,  which 
can  be  designated  as  one  large  cemetery,  something  immense.  Thi? 
covers  an  area  12  kilometers  long  and  7  kilometers  wide,  and  it  is 
literally  filled  with  graves  on  the  slopes  of  the  valleys  and  to  the 
summit  of  the  mountain.  Without  any  exaggeration  there  are  many 
millions  of  graves  in  this  cemetery.  Some  of  the  graves  are  v&tj 
simple,  others  have  grand  tombs,  and  many  of  them  are  great  artistic 
works. 
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This  has  an  important  bearing  (m  the  religious  conception  that 
death  produces  life.  The  mountain  is  called  the  White  Cloud  for 
the  souls  of  the  departed,  thus  emphasizing,  ^^  From  life  to  death,  out 
of  death  life."  Higher  up  the  mountain  there  are  imposing  grave 
indosures  amidst  luxurious  trees  and  plants.  And  when  the  Chinese 
look  down  and  contemplate  the  busy  city  of  millions  in  Canton  they 
realize  the  vanity  of  this  world  and  the  preciousness  of  the  rest  Uiat 
foDows  death.  All  is  vanity  in  the  physical  world.  He  is  at  once 
a  Chinese  and  a  Buddhist.  These  ideas  are  further  embodied  in  the 
image  of  Shou-hsing,  the  wise  ancient  hoary  god  who  displays  the 
symbol  of  the  world,  the  sacred  eight  trigrams  which  explain  tiie 
circle  of  existence  as  the  meaning  of  life  (pi.  9,  fig.  2). 

The  Chinese  thus  feels  himself  to  be  closely  connected  with  nature. 
He  knows  that  he  originated  from  it  (nature)  and  shall  return  to  it, 
and  shall  return  to  the  earth,  but  then  reappears  in  the  persons  of  his 
children  and  grandchildren.  He  feels  himself  to  be  but  a  guest  on 
ea^th,  an  insignificant  part  of  the  whole  that  he  conceives  as  oneness. 
This  is  the  purest  partheism,  and  a  wellspring  for  the  outspoken 
social  instinct  of  the  race. 

There  is,  however,  an  essential  difference  between  the  Chinese  and 
the  Hindu.  The  ideal  of  the  Chinese  is  the  greatness  and  wholeness 
of  creation,  and  he  embodies  this  thought  in  his  art  and  religion. 
But  as  a  practical  man  he  realizes  that  as  long  as  he  is  sojourning 
upon  this  earth  he  should  arrange  this  life  as  comfortably  as  pos- 
sible. Hence  his  sober,  businesslike  sense,  his  perseverance  in  work 
which  should  afford  him  the  means  for  life  and ,  enjoyment.  This 
harmonizing  of  high  idealism  with  practical  sense  gives  the  Chinese 
people  vitality  and  the  right  to  have  their  ideas  considered  and 
esteemed  as  on  an  equality  with  our  purely  individualistic  culture. 
And  it  may  be  due  to  the  considerable  admixture  of  individualism 
in  the  Chinese  pantheism  that  the  Chinese  in  his  disposition  is  nearer 
to  us  than  the  racially  more  closely  related,  but  dreamy  and  other- 
worldly Hindu. 

We  have  observed  how  both  the  country  and  its  history  have 
'equally  demonstrated  to  the  Chinese  the  grandeur  of  their  con- 
ception of  unity.  His  system  of  the  universe  is  thus  divided  into 
the  forces  in  the  circle  of  the  two  principles,  the  male  and  female; 
in  the  eight  trigrams  symbolizing  the  development  of  the  variety  of 
the  rhythmic  and  harmonic  physical  world.  Finally,  the  unity  of 
man  and  nature.  It  is  not  very  different  from  our  division  of 
natural  philosophy  in  physics,  mechanical  energy,  multiplicity,  and 
logic  and  biology.  It  is  always  apparently  the  same  with  mankind. 
But  the  peculiar  conception  and  combination  of  these  elements  with 
its  trend  to  pantheism  gives  Chinese  culture  a  reality  that  is  the  best 
conceivable  preparation  for  artistic  accomplishment. 
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THE  LOLOS  OP  EJENTCHANQ,  WESTERN  CHINA.1 

[With  4  platee.] 


By  Dr.  A.  F.  Lbqbndhb. 


There  are  a  number  of  aborigmal  peoples  in  the  western  part 
of  Chma,  in  the  Setchouen  (Szech'uan)  Alps,  but  the  most  interesting 
is  the  race  known  as  the  "  Lolotte."  Dwelling  in  a  region  perhaps  the 
wildest  on  the  earthy  their  physical  and  moral  characteristics,  their 
strange  customs,  and,  above  all,  their  superb  courage  in  the  face  of 
that  formidable  foe,  the  ''Son  of  Han/'  present  a  strong  attraction 
to  the  European,  opening  up  a  wide  fidd  for  observation. 

I  first  became  directly  interested  in  the  Lolos  in  the  year  1904  in  the 
vicinity  of  Fulin  at  the  home  of  Father  Martin,  the  missionary,  who 
knows  them  best  and  who  gave  me  most  valuable  information.  But 
it  was  not  imtil  1907  that  I  b^an  to  study  them  seriously  in  going 
directly  to  Eaentchang,  where  I  saw  much  of  them  in  their  villages, 
could  study  their  daily  Ufe,  their  curious  habits,  and  could  note  the 
horror  of  the  bloody  7euds  between  the  rival  dans  and  the  warlike 
organization  of  the  tribes. 

In  1908  I  visited  many  Lolo  districts,  and,  profiting  by  the  expe- 
rience previously  acquired,  my  observations  on  this  occasion  were 
much  more  accurate,  and,  being  more  extended,  enabled  me  to 
verify  my  first  impressions.  In  the  villages,  as  a  host,  I  gained  the 
confidence  of  the  families  and  could  observe  and  interrogate  them  at 
my  leisure.  Finally,  in  January  and  February,  1909,  I  joimaeyed 
into  the  rougher  and  more  turbulent  region  of  Ta  Leang  Shan,  where 
there  were  constant  raids  against  the  Chinese  and  bitter  feuds  between 
the  dans.  The  jomney  was  short  but  interesting  in  many  respects.* 
I  shall  briefly  describe  the  physical  character  of  tlie  Lolo  country. 
It  occupies  in  the  western  part  of  the  Province  of  Setchouen  a  vast 
region  entirdy  mountainous.  It  is  a  chaos  of  high  ridges  and  narrow 
valleys,  with  some  lower  ridges  and  plateaus  cultivated  to  a  certain 
extent  with  maize,  buckwheat,  and  oats,  but  used  chiefly  as  natural 
pastures.    There  are  some  large  tracts  where  excellent  grasses  grow, 

1  TraosUted  by  pennisslcm  from  Revue  de  I'BooIe  d' Anthiopologie,  Paris,  1910,  vol.  ao,  pp.  18&-90S. 
tBe^LaOeogmpkU,  April,  1909. 
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capable  of  nourishing  large  herds  of  horses,  mules,  sheep,  and  goats. 
In  the  mountains  there  still  exist  some  beautiful  forests,  where  oaks, 
birches,  and  pines  flourish,  as  well  as  the  silver  fir  which  covera  the 
summits.  Up  to  11,500  feet  altitude  there  is  a  marvdous  under- 
growth of  slender  bamboos  and  rhododendrons,  where  hide  a  great 
variety  of  animals — bears,  wild  boars,  wild  goats,  antelopes,  and  deer. 

These  people  are  chiefly  himters  and  herders.  They  have  learned 
agriculture  from  the  Sif an  and  the  Chinese,  but  spend  no  more  time 
and  effort  at  it  than  is  actually  necessary  for  subsistence.  What 
they  love  most  is  constantly  to  roam  in  piusuit  of  wild  animals. 

This  beautiful  mountain  region  is  favored  with  an  exceptional 
climate.  For  a  great  part  of  the  year,  particulariy  in  autumn  and 
winter,  the  sky  is  of  a  rare  purity  and  deamess.  Summer  is  very- 
hot  and  the  thermometer  is  said  to  go  as  high  as  40^  C.  (104^  F.), 
both  in  the  valleys  and  on  the  moimtains  up  to  a  height  of  5,600 
feet,  but  the  humidity  is  low.  Winter,  in  the  districts  below  6,500 
feet,  is  never  severe,  but,  on  the  contrary,  though  at  night  the 
thermometer  may  fall  below  the  freezing  point,  it  will  rise  diir- 
mg  the  day  to  15"*  or  even  20""  C.  (59®  or  68®  F.)  before  sunset.  In 
February  I  registered  temperatures  of  25®  C.  (77®  F.)  in  the  shade 
between  noon  and  2  p.  m.,  but  early  in  the  morning  it  was  less  than 
—  2°  C.  (28.4®  F.).  We  may  therefore  class  the  climate  as  subject  to 
extremes  of  temperature,, but  at  the  sam^  time  decidedly  diy,  even 
too  dry  in  the  valleys  below  5,000  feet. 

In  his  daily  life  the  Lolo  mountaineer  leads  a  simple  and  frugal 
existence,  content  with  his  primitive  shelter  rn^de  of  interlaced  bam- 
boo strips.  The  houses,  made  of  rammed  earth  covered  with  fir 
planks,  seen  in  certain  districts,  are  copied  from  the  Chinese  style 
of  construction,  plainly  deviating  from  the  primitive  huts. 

The  chief  feature  of  the  Lolo  hut  is  the  hearth,  located  in  the 
center  of  the  room,  made  of  three  triangular-shaped  stones  inclosing 
a  hole  from  10  to  12  inches  in  diameter  and  4  inches  deep.  At  the 
side,  one  often  sees  an  elevation  of  three  steps  made  of  clay  that  look 
like  shelves;  but  it  is  more  than  that.  It  is  a  sort  of  altar  on  which 
certain  religious  rites  are  performed,  is  the  very  sanctuary  of  the 
hearth,  the  sacred  symbolic  spot,  after  the  fashion  of  the  Greeks  and 
Romans,  the  consecrated  place  in  the  poor  man's  house  where  genera- 
tions of  ancestors  have  found  their  moral  and  physical  being  strength- 
ened. 

Aroimd  this  hearth  the  Lolo  eats  his  buckwheat  or  oaten  cakes, 
boiled  maize,  or  else  some  stewed  meat  that  he  eats  when  half  cooked. 
He  also  cooks  the  maize  in  cakes  under  the  cinders.  Oatmeal  is  his 
principal  food,  that  which  he  takes  with  him  by  choice  when  he  goes 
forth  as  a  warrior  or  to  engage  in  a  feud.    He  fills  a  little  bag  of 
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goatskm  with'  the  meal^  aQ4  when  hungry  he  makes  a  ball  of  meal  in 
the  pabn  of  his  hand  with  water  from  a  stream  and  eats  it  as  it  is. 

The  potato  is  well  known  to  these  primitive  people  and  is  quite 
largely  cultivated  by  them.  For  his  primitive  menu  the  cook  is  not 
at  all  interested  in  what  we  term  ''condiments."  The  only  seasoning 
he  cares  for  is  salt  and  he  likes  that  chiefly  as  a  delicacy.  In  the 
viUages  salt  is  eaten  the  same  as  sugar  candy;  pieces  of  it  are  passed 
from  mouth  to  mouth  and  each  one  sucks  it  for  a  given  time.  Sugar 
is  not  at  all  disliked,  but  as  the  cane  does  not  grow  in  the  mountains 
the  Lolo  must  get  it  by  descending  into  the  valleys  at  night  and 
pillaging  the  Chinese  fields.  It  is  interesting  to  note  in  passing  that 
the  mountain  herder  disdains  the  milk  of  his  cattie. 

I  return  now  to  their  dwellings. 

To  give  a  complete  idea  I  can  do  no  better  than  to  describe  the 
type  of  hut  seen  in  the  village  of  Bolo,  near  Yu6  Si.  This  hut  is  a 
wretched  littie  affair,  13  to  16^  feet  long,  8  to  10  feet  wide,  and  about 
the  same  height.  There  is  but  one  room,  with  a  recess  separated  from 
the  other  portion  by  a  half  partition.  This  recess  serves  not  only  as  an 
apartment  for  the  household  but  also  as  a  stable  for  the  sheep  when 
the  tenant  is  too  poor  to  buUd  one  outside  the  hut.  There  is  really 
no  furniture,  neither  table  nor  chair  or  other  seat,  much  less  a  cup- 
board or  closet.  The  inmates  squat  on  the  ground  luround  the  heartlx, 
which  serves  as  tiieir  dining  table  by  day  and  a  place  for  sleep  at 
night.  There  is  no  sort  of  bed  in  any  form.  I  stated  that  there  was 
no  trace  of  cupboard  or  closet  in  the  huts,  for  what  good  would  they 
be  ?  These  poor  Lolos  have  no  need  of  a  wardrobe.  They  carry  all 
their  clothing  on  their  backs,  and  wear  it  as  long  as  they  can,  rarely 
having  a  complete  change. 

I  saw  no  household  utensils  except  the  large  Chinese  scullion,  like 
a  spherical  pot,  and  some  wooden  bowls,  very  curious  and  well 
turned.  They  had,  however,  some  large,  cylindrical  bamboo  baskets 
for  storing  grain,  and  sieves  and  winnowing  baskets  made  of  the 
same  material.  The  hooks  for  hanging  utensils  or  other  objects  are 
made  of  simple  forked  branches  of  trees.  One  other  way  of  holding 
objects,  such  as  baguettes  or  rods,  consists  of  a  double  ring  in  the 
form  of  the  figure  8,  made  of  a  rope  of  bindweed  or  young  bamboo. 
These  rods  serve  as  rests  for  the  large,  flat  baskets  on  which  they 
dry  the  grain. 

I  have  called  the  Lolo  dwelling  a  hut  and  it  is  nothing  more. 
Made  of  bamboo  strips  crossed  and  intertwined  or  cut  into  ropes  and 
plaits,  it  offers  but  a  meager  shelter  against  the  cold,  wind,  or  rain, 
and  the  pine  strips  that  form  the  roof  are  joined  so  poorly  that  the 
daylight  shows  through  the  wide  cracks.  The  posts  and  joists  are 
merely  trunks  or  branches  of  trees,  not  squared  or  even  stripped  of 
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bark.  The  joists  are  not  selected  for  fitting  to  the  posts  as  supportB, 
but  are  rouf^lj  held  in  |dace  by  the  forked  heads  of  the  posts.  You 
notice  also  that  the  rafters  are  not  mortised  but  are  merely  crossed 
and  fastened  by  bamboo  binders.  The  tie-beams  are  fastfflied  in  the 
same  way.  The  ridge,  nothing  more  than  the  mere  laying  together 
of  some  narrow  stripe,  is  covered  with  a  bamboo  mat  extending 
down  about  18  inches  on  each  side  of  the  roof. 

At  Bolo  I  first  observed  how  the  Lolos  weave  their  manties  tad 
th&T  leggings.  I  asked  thechiefs  dau^ter,  who  had  charge  of  this 
kind  of  work,  to  show  me  the  implements  for  spinning  and  weaving. 
Tlie  spindle  was  a  thin  rod  with  a  little  disk  in  the  center  serving  as 
a  gratfp  for  the  fingers.  One  of  the  ends  of  the  spindle  was  lengA- 
ened  with  iron  to  a  point  for  attaching  the  mass  of  wodi.  The  thread 
that  was  made  was  very  coarse.  The  loom  consbts  of  tiiree  or  four 
rods  or  stretchers  for  intercrossing  the  threads  and  a  large  wooden 
plate  or  blade  for  the  underweaving.  It  was  the  primitive  of  primi- 
tives, without  balancing  apparatus,  properly  speaking,  with  neith^ 
''harness"  nor  ''comb."  The  threads  constituting  the  warp  are 
brought  together  in  a  bundle  at  a  stake  driven  in  the  ground. 

I  also  saw  them  make  a  thread  garment,  in  the  meshes  of  which  are 
worked  fibers  of  the  palm,  Traehyearpui  exeeUa.  This  is  the  Lolo's 
mackintosh,  the  cape  that  he  needs  while  guarding  his  sheep  in  rainy 
weather.  The  overiapping  of  Hie  Shers  is  so  effectively  done  that 
the  surface  offers  no  chance  for  water  to  settle  in  it,  and  heavy  drops 
of  rain  run  off  without  penetrating  it  at  all.  It  is  really  a  very 
original  kind  of  waterproof. 

PHYSICAL  AND  MORAL  CHABACTBBISTICS. 

The  Lolos  are,  as  a  whole,  a  vigorous  and  healthy  race.  Living  as 
they  do  in  the  high  moimtains,  where  they  are  exposed  to  extremes 
of  temperature,  with  mild  days  and  icy  nights,  in  miserable  shelters, 
natural  selection  has  played  and  still  plays  an  important  r6le  in 
this  group  of  hmnanity.  The  weak  do  not  survive,  they  quicldy 
disappear. 

Giving  to  their  fields  only  the  minimum  of  time  needful,  and 
being  occupied  mostly  with  their  cattle  and  in  hunting  for  wild 
animals,  the  Lolos  practically  pass  all  their  lives  outdoors.  They 
leave  home  in  the  morning  to  return  only  at  nightfall.  The  steep 
slopes  of  the  moimtains  and  the  abrupt  sides  of  the  plateaus  cut  into 
deep  ravines  make  walking  very  difficult,  so  that  this  people  hare 
acquired  an  extreme  suppleness  of  muscles,  the  agility  of  a  deer.  So 
also  their  favorite  habit  of  the  raid  and  the  f eyd,  the  circuitous  tramp 
required,  keep  the  men  in  constant  activity,  developing  a  vigor  and 
endurance  rare  in  any  other  race,  even  the  most  warlike  on  the  earth. 
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Fig.  1.— a  Lolo  Clan.    The  Women  with  their  Large  Headdress. 
Type  of  House.    Valley  of  Ngan  Ning. 


FiQ.  2.— LoLOS  on  the  Borders  of  Mo  Lfe  Ghio. 
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Plate  2. 


FiQ.  1.— Group  of  Lolottes  of  Upper  Ngan  Ning.    Type  of  Hut. 


FiQ.  2.— A  Half-breed  Lolo-Chinese  at  Left,  Standing. 
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The  Lolo  has  the  audacity  of  his  vigorous  physique,  of  his  superb 
vitality.  Always  in  motioai  always  on  the  alert,  ready  to  meet  any 
siu*prise,  nothing  troubles  the  mind  of  this  fearless  fighter.  What  he 
loves  most  of  all  is  to  attack  the  hated  Chinese.  It  is  a  wild  guerilla 
attack,  brutal  and  frightful,  which  makes  every  door  fly  open,  leav- 
ing the  enemy  at  his  mercy  without  the  shadow  of  a  defense. 

In  fights  with  men  of  his  own  race,  warriors  of  his  own  stamp,  he 
shows  a  prudence  equal  to  his  courage.  He  displays  all  the  astute- 
ness, all  the  strategy,  of  the  red  man,  which  he  resembles  in  many 
respects.  He  habituaUy  steals  his  silent  march  and  faUs  at  night 
with  the  suddenness  of  lightning  on  the  hostile  clan.  It  is  in  a  feud 
above  all  that  he  thus  fearlessly  acquits  himself.  In  these  feuds  of 
tribe  against  tribe  they  often  settle  quarrels  in  pitched  battle  by 
broad  daylight  at  some  place  chosen  in  advance. 

What  the  Lolo  lacks  in  being  a  perfect  warrior  is  not  certain;  it  is 
not  courage,  nor  ardor,  for  this  race,  says  Father  Martin,  knows 
neither  fli^t  nor  hiding  before  an  enemy.  This  they  do  lack — per- 
severance, that  will-power,  that  persistency  of  the  white  warrior, 
which  leaves  no  respite  to  the  enemy  until  he  is  overpowered. 

The  Lolo  is  the  same  in  peace  as  in  war;  he  ignores  continuity, 
laying  aside  too  readily  the  task  he  has  begun.  Like  a  child  he  is 
changeable,  fluctuating,  a  vagrant  morally  as  well  as  physically. 
For  him  life  is  a  jest,  hard  sometimes,  very  often  even  bloody,  but  it 
is  always  a  play;  he  has  no  other  conception  of  his  destiny.  Gen- 
erous, even  wasteful,  when  he. can  be,  careless  to  our  mind,  nothing 
seems  to  fix  his  thought  beyond  the  present  hour;  nothing  fixes  it 
unless  it  is  his  ardent  hatred  toward  the  son  of  Han.  His  other 
enmities,  personal  or  collective,  although  lively,  even  ferocious  some- 
times, as  in  a  feud,  do  not  have  the  same  tenacity;  for  with  the 
dans  he  makes  truces,  some  agreements  leading  even  to  recon- 
ciliation. When  fighting  with  the  Chinese,  however,  there  is  no 
truce;  this  is  a  fight  to  the  bitter  end,  a  chronic  raid;  nothing  can 
stop  him. 

The  Lolo  in  this  kind  of  attack  always  acts  by  surprise  with  such 
an  astuteness  and  extreme  swiftness  that  it  is  very  difficult  to  ward 
off  the  first  effects.  The  beginning  of  these  dramas  is  a  conflagration, 
a  destructive  fire  lighted  at  all  corners  of  the  village  at  once  by  means 
of  pine  torches  fixed  at  the  end  of  the  great  Lolo  lances  13  to  16  feet 
long.  In  a  twinkling  the  miserable  wooden  and  bamboo  huts  burst 
into  flame;  cattle,  horses,  and  sheep  gallop  wildly  about,  precipitat- 
ing disorder  and  greatly  obstructing  the  defense.  Animals  and  men, 
seeking  to  escape  the  fire,  are  driven  back  by  the  spears  of  the  aggress- 
ors and  forced  into  the  center  of  the  village.  The  filters  of  the 
assailed  dan  may  succeed  by  wild  dashes  in  again  meeting  their  ene- 
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mies  in  terrible  hand-tojiand  deadly  encounter,  when  the  cutlass 
replaces  the  useless  lanoe. 

Their  bloody  feuds  too  often  form  painful  phases  in  the  life  of  the 
Lolo.  The  clans,  the  tribes,  oiten  exhausted,  lose  the  most  valiant 
of  their  fighters  in  these  f ri^tf ul  dramas,  which  at  times  lead  to  the 
extermination  of  an  entire  clan.  I  had  with  Father  Guebriant  a  veiy 
yivid  impression  of  a  tribal  feud  and  its  atrocities.  It  was  in  Feb- 
ruary, 1907.  Invited  by  a  chief  of  a  clan,  we  were  directed  toward 
Ya  Long,  near  a  hidden  recess  in  the  mountains  at  a  hei^t  of  10,000 
feet.  Fortunately  for  us,  a  very  rough  halting  place  prevented  our 
reaching  the  chief's  village  before  nightfaU.  It  was  in  tins  village, 
a  mile  and  a  quarter  from  us,  that  a  frightful  drama  was  enacted  dur- 
ing the  night.  The  village  was  completely  reduced  to  ashes,  and  the 
wife  of  the  chief  of  the  clan,  woimded  by  many  lance  cuts,  escaped  as 
by  a  miracle  from  the  flames.  His  daughter,  16  years  of  age,  was 
found  dead,  the  body  completely  charred.  Some  slaves  perished  in 
the  same  manner,  as  also  some  domestic  animals  which  could  not  be 
saved.  This  was  the  feud.  You  would  be  amazed  with  what  fierce- 
ness they  attack  defenseless  beings,  for  the  law  that  rules  the  feud  is 
the  extermination  of  the  enemy,  even  the  women  and  the  little  ones. 
Not  a  bit  of  mercy.  This  is  war  more  legitimate,  if  possible,  than  a 
fight  against  an  invader.  It  is  the  war  of  the  fiist  ages  of  man,  the 
fight  to  death,  not  for  social  domination,  but  for  the  safeguard,  the 
preservation  of  the  race. 

Though  the  Lolo  is  terrible  in  his  vengeances,  he  is  altogether  differ- 
ent in  ordinary  life.  He  is  a  valiant  and  loyal  warrior  who  fights  tot 
the  very  pleasure  of  fighting,  but  always  respects  his  wounded  or  cap- 
tive enemy. 

The  Lolo  owns  some  slaves,  but  he  rarely  treats  them  cruelly.  On 
the  contrary,  he  is  kind  to  them,  gives  them  fields  to  cultivate,  is  con- 
tent with  small  rent,  and  finds  wives  and  husbands  for  them  in  the 
tribe.  He  even  gives  them  wide  liberty  on  condition  that  they  do 
not  strive  to  abuse  it. 

He  exhibits  his  unselfishness  most  of  all  in  his  treatment  of  the 
feeble,  the  disinherited  ones  of  the  tribe,  women,  children,  and  the 
aged,  or  those  afliicted  with  contagious  maladies,  as  lepers.  All  these 
beings  are  loved,  succored,  and  never  do  they  try  to  get  rid  of  them. 
This  warrior,  so  fierce  in  his  vengeances,  is  full  of  compassion  for 
these  suffering  ones,  and  he  aids  them  to  the  limit  of  his  resources. 

He  is  likewise  a  man  of  good  faith,  who  is  anxious  to  keep  his  engage- 
ments. If  he  has  given  you  his  word,  he  holds  to  it  to  the  end,  even  if 
some  direct  interest,  some  serious  motives,  should  at  any  time  arise 
to  shatter  his  first  resolution. 

I  have  several  times  confided  mjaeii  to  the  Lolos,  placed  myself 
in  their  hands,  without  having  e]q>6rifiiiced  the  least  deceit,  the 
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least  annoyance  from  it.  They  oould  with  impunity  have  caused 
my  disappearance  with  profit  to  themselves,  but  I  am  sure  that  not 
one  of  them  ever  thought  of  it;  that  their  great  desire  was  to  make 
my  journey  through  their  districts  the  most  agreeable  possible  for 
me.  As  t^e  winter's  cold  is  ^vere  in  the  mountains,  a  rousing  fire 
was  carefully  kept  burning  all  night  to  protect  me  against  the  biting 
north  wind.  The  poor  people  could  not  attam  the  result  sought,  so 
primitive  is  their  cabin,  so  insufficient  their  shelter;  but  it  was  not 
their  fault;  they  did  all  that  was  possible.  Above  aU,  the  welcome 
was  cordial  and  entirely  unselfish. 

OBGANIZATION   OF   THE   FAMILT,    THE    OLAK,    AND   THE   TBIBE. 

The  members  of  the  Lolotte  family  are  generaUy  closely  united. 
Tou  find  a  true  affection  in  the  absolute  equality  of  its  parts.  The 
wife  is  never  such  a  slave  as  is  nearly  always  the  case  among  the 
Chinese;  on  the  contrary,  she  is  loved  altogether  as  a  woman  and 
not  at  all  as  the  perpetuator  of  the  ancestral  cult.  Loved  for  herself, 
the  true,  intimate,  and  social  companion  of  the  husband,  she  always 
retains  an  individuality  in  the  family,  an  acknowledged  unity. 

The  daughter-in-law  is  always  tolerated  if  not  loved;  is  never  ill- 
treated  like  the  daughters  of  Han.  Children  in  their  turn  are  much 
petted  and  caressed;  the  girls  receive  the  same  care  and  affection  as 
the  boys,  and  are  never  considered  to  be  inferior  beings  as  they  are 
in  China. 

Indeperidence  of  (he  family, — ^iFrom  a  social  standpoint,  the  Lolotte 
family  is  well  organized.  It  enjoys  its  own  independence,  forms  a 
unit  in  the  clan  or  the  tribe,  with  no  possibility  of  servitude  or 
danger  of  absorption  by  the  autocracy  of  a  chief  or  a  seignor.  The 
husband  is  the  unquestioned  head  of  the  family,  the  wife  is  a  com- 
panion and  a  highly  respected  counselor.  The  boy  belongs  first  of 
aU  to  the  father,  and  n^t  to  the  chief  of  the  tribe,  but  not  until, 
under  the  law  of  the  clan,  as  a  sacred  warrior,  he  attains  to  manhood 
at  18  years  of  age. 

Education, — ^The  child  receives  only  a  physical  education,  with  no 
school  or  pedagogic  instruction  whatever,  even  for  the  son  of  a  grand 
seignor.  It  is  very  seldom  that  even  a  nobleman  (os  noir)  learns  to 
read  or  write.  They  devote  themselves  to  such  exercises  only  in 
preparation  for  future  sorcerer  priests.  The  Lolo  is  in  fact  a  very 
ignorant  man  who  thinks  only  of  running  about  the  mountains  with 
his  pack  of  hounds  and  his  herds  or  practicing  his  skill  with  the  bow 
or  tjie  lance  for  his  daring  adventures. 

The  youth  on  the  day  when  he  becomes  a  sacred  warrior  is  con- 
sidered as  of  age.  The  young  girl  is  free  only  at  the  date  of  her 
marriage,  however  late  in  life  that  may  be.    But  she  does  not  need 
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this  legal  consecration  to  enjoy  the  laq^est  lib^ly.  Stte  comes  and 
goes,  visits  her  distant  friends,  is  absent  for  long  periods  without 
anyone's  concern.  She  has  all  the  ri^t  and  authority  to  take  care 
of  herself  and  this  care  is  completely  devolved  on  her. 

Order  of  descent — ^Among  the  Lolos  as  among  most  peoples,  it  is 
the  male  line  of  descent  that  ranks  first.  Inheritance  is  thus  trans- 
mitted to  the  son  or  in  case  there  is  no  offspring  to  the  nearest  rdar 
tion  in  the  male  line,  never  to  daughters  or  females,  not  even  to  the 
mother  or  the  wife. 

Marriage. — ^The  Lolotte  family  is  based  on  a  formal  union  con- 
secrated by  the  parents  alone.  There  are  certain  traditions  on  Uie 
choice  of  a  fianc6  or  fianc^  which  have  neariy  the  force  of  law  in  all 
the  tribes,  one  is  that  a  yoimg  man  i^ould  by  preference  seek  his  wife 
from  his  maternal  grandmother's  family,  although  the  young  girl 
can  not  make  her  choice  in  her  own  clan;  the  marriage  is  thiis 
exogamous.  The  marriage  consunmiated,  tJie  young  wife  retunis 
to  her  family  near  her  mother.  So  custom  demands.  She  may 
remain  there  some  days  or  weeks  or  months  before  returning  to  her 
husband's  home.  The  wife  is  highly  respected;  if  she  is  ill-treated 
she  flees  to  her  own  home,  and  the  husband  is  severely  censured  by 
all  the  clan,  and  if  he  pushes  his  companion  to  suicide  he  may  pay 
for  his  brutality  with  his  own  life. 

Social  life — Feudal  system, — ^The  constitution  which  governs  the 
clans  much  resembles  the  old  feudal  system  of  Europe.  The  tribe  is 
ruled  by  a  seignor,  who  has  his  vassals  and  serfs  paying  him  rent  and 
compulsory  service.  Each  vassal  is  further  required  to  furnish  in 
time  of  war  a  certain  number  of  armed  men,  the  number  being  dete^ 
mined  in  advance. 

It  would  seem  as  if  this  system  would  be  burdensome  to  the 
majority  of  the  people,  but  it  is  not  at  all  so.  The  serfs  enjoy  a  liberty 
that  in  the  Middle  Ages  was  never  known  by  Europeans.  Although 
they  are  really  slaves,  yet  when  once  settied  in  a  clan  by  marriage, 
their  condition  becomes  difficult  to  distinguish  from  that  of  a  serf 
properly  speaking;  they  enjoy  nearly  the  same  independence.  Feudal 
power  is  hereditary;  election  in  any  degree  does  not  exist. 

Castes. — Socially,  the  different  members  of  a  dan  are  divided  into 
three  classes  or  castes:  (1)  The  H6  Y  (Os  noirs),  which  represents  the 
aristocracy;  (2)  the  Os  blancs  or  middle  dass;  (3)  the  daves.  The 
Os  blanc  remains  such  through  centuries  and  the  slave  can  never 
attain  his  freedom.  As  to  the  H6  Y,  there  is  no  social  decadence 
possible  for  him,  he  can  never  fall  into  the  middle  class.  It  is  proper 
to  add  that  a  marriage  under  any  circumstances  can  effect  no  change 
in  caste. 

Justice  and  penalties. — There  is  no  written  criminal  code  no  more 
than  there  is  a  dvil  one.    It  is  tradition,  custom,  certain  ancestral 
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Plate  3. 


Type  of  Lolo  of  the  Low  Class,  Showing  the 
Vaulted  Skull,  Tending  Toward  a  Pointed 
Arch. 
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Plate  4. 


FlQ.   1.— A  LOLO  OF  THE  HlOH  CLASS  AT  LEFT. 
A  LOLO  OF  THE  Low  CLASS  AT  RiOHT. 


FlQ.  2.— Type  of  Lolo  Rope  Bridge. 
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decisions^  that  hold  the  place  and  the  authority  of  law.  It  is  a 
primitiye  form  of  justice  yet  dignified  and  equitable.  The  ordinary 
theft  as  defined  in  Europe  exists  but  little  in  the  clans.  If  perchance 
a  petty  theft  is  committed^  it  is  amicably  arranged,  but  restitution 
IB  obligatory.  If  it  is  repeated  and  a  serious  falling  out  is  caused 
between  two  or  more  families,  the  culprit  is  imprisoned  by  order  of 
the  seignor.  If  he  wiU  not  mend  his  ways,  but  becomes  a  menace  to 
the  peace  of  the  clan,  he  is  drowned  in  a  moimtain  torrent. 

What  the  Lolo  practices  most  of  all  is  resenting  by  force  of  arms 
between  tribes  and  clans  that  which  a  family  or  a  group  of  such 
consider  to  be  an  injury,  or  they  inflict  on  an  adversary  a  damage 
equal  to  that  received.  This  is  not  robbery.  It  is  a  legitimate  ran- 
som for  a  prior  villainy.  But  the  one  who  suffers  most  from  this 
punishment  by  retaliation,  constantly  applied,  is  the  Chinese.  In 
pillaging  at  will  with  nameless  impudence,  tiie  Lolo  declares  that  he 
is  r^aining  by  his  rightful  usurpation  his  own  vallejrs,  his  fertile 
fields,  which  the  other  gained  by  ruse.  He  scatters  animals  and  men, 
desolates  entire  villages,  ruins  special  districts — ^it  becomes  to  him  a 
sport,  a  pastime.  There  is  no  punishment  for  it.  They  rarely  oppose 
the  return  of  the  pillagers,  and  there  is  little  risk  of  being  pui^shed 
in  their  moimtain  homes. 

Murder  for  robbery  or  personal  vengeance  is  almost  unknown. 
When  a  murder  has  been  committed,  the  criminal  is  hung  as  soon  as 
possible.  If  not  he  is  buried  alive  in  the  forest,  or,  fastened  to  a  tree 
in  a  solitary  place,  he  dies  from  starvation  or  from  the  teeth  of  wild 
beasts.  Some  tribes  inflict  pimishment  by  fire,  each  carrying  his  fire 
log  to  the  place  appointed  for  the  execution. 

If  the  murderer  belongs  to  a  different  tribe,  it  means  war  at  once 
and  unrelenting.  There  is  no  isolated  action  by  the  family  of  the 
victim,  but  a  getting  together  of  all  the  clan — all  the  tribe,  if  neces- 
sary.   The  bloody  feud  is  then  at  its  height — ^vengeance  for  all. 

Ownership  of  property. — ^A  ruling  principle  in  the  property  sjrstem 
is  that  the  products  of  the  soil  belong  to  the  one  who  cultivates  the 
land  and  not  to  the  chief  of  the  dan,  though  some  contracts  are  made 
for  renting  and  farming  with  return  in  natural  products. 

The  vast  expanses,  stretches  of  forest  land,  are  by  no  means  owned 
by  the  seignior,  but  they  are  the  property  of  the  dan  as  a  community. 
The  OS  noir  or  highest  dass  has  his  own  lands  that  he  makes  valuable 
through  the  aid  of  his  serfs,  and  he  has  no  right  to  increase  them  by 
monopolizing  those  of  his  neighbor's.  He  is  also  forbidden  by  the 
right  of  common  custom  from  possessing  himself  of  a  heritage.  The 
chief  of  a  tribe  has  none  of  the  prerogatives  of  a  petty  tyrant  king. 
His  r61e  is  chiefly  that  of  a  patriarch,  limited  to  the  guidance,  the 
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counseling  of  an  impetaous  race,  exceedingly  jealous  of  their  ri^ts 
and  of  their  liberty. 

Civil  liberty. — ^In  this  case,  aa  in  otkere,  there  is  no  written  law;  it 
is  tradition  which  continues  to  liave  the  force  of  law.  In  busmess 
transactions  of  all  kinds  there  is  no  other  guaranty  than  that  of  the 
pledged  word  of  mouth.  There  is  used,  however,  in  the  case  of  an 
employer,  under  certain  circumstances,  a  stick  cut  with  a  series  of 
notches  and  split  through  the  notches  from  end  to  end  like  a  tally 
stick.  Each  of  the  contracting  parties  takes  one  half  of  the  stick; 
if  a  dispute  arises,  they  place  the  two  pieces  together  and  the  one 
disloyal  is  readily  revealed. 

BELIGIOUS   IDEAS. 

ReUffion. — ^The  Lolo  religion  is  based  on  a  belief  in  spirits,  beings 
immaterial,  good  and  bad.  He  seldom  thinks  about  the  good  spiritB, 
even  ignores  them,  but  the  evil  spirits,  on  the  contrary,  to  which 
misfortimes  and  maladies  of  all  forms  are  attributed,  become  objects 
oi  solicitations,  of  formal  supplications  by  the  sorcerer  priests;  never 
by  the  interested  party,  for  to  be  able  to  appease  the  evil  spirits  some 
sacrifices  are  very  frequently  offered,  though  there  is  no  true  cult, 
no  real  ritual.  The  prayer  in  the  form  known  to  us  does  not  exist 
at  all.  The  Lolo  fully  rec<^;nizes  a  sovereign  God,  omnipotent,  Crea- 
tor of  all  things,  but  he  has  not  thought  of  building  a  temple  to  Him, 
nor  of  worshiping  Him  under  any  image  whatever.  For  this  God  and 
the  series  of  good  and  evil  spirits  there  is  only  an  official,  the  sorcCTer 
of  the  tribe,  whose  r61e  is  limited  to  the  practice  of  certain  rites  and 
the  rendering  of  oracles.  The  sorcerer  priest  is  also  a  healer,  so  they 
think,  especially  when  tJie  illness  is  considered  as  due  to  the  entrance 
of  an  evil  spirit  which  can  be  driven  out  only  undef  the  irresistible 
action  of  certain  rites.  In  serioi^  cases,  when  the  adjurations  have 
no  effect,  a  sacrifice  is  made,  by  the  burnt  offering  of  a  domestic 
animal,  to  the  recalcitrant  spirit — a  cow,  a  goat,  a  lamb,  or  a  fo^. 
The  kind  of  animal  to  be  offered  is  determined  by  an  examination  of 
tJie  cracks  made  by  fire  in  the  shoulder  blade  of  a  goat  or  sheep. 

If  two  fissures  appear  in  the  form  of  a  cross,  it  is  a  good  sign,  the 
patient  will  be  cured.  If  some  fine  cracks  cut  the  arms  of  the  cross, 
the  result  is  doubtful,  the  spirit  makes  some  restrictions,  some  further 
rites  are  required.  It  is  then  not  a  fowl  that  should  be  offered,  but  a 
cow.  The  sorcerer  then  repeats  the  process  with  lighted  tinder.  A 
new  animal  is  sacrificed.  The  heart  is  offered  to  the  sick  one  and  must 
be  eaten  by  him.  The  animal  is  not  consumed  on  a  brasier,  as  was 
done  by  the  children  of  Israel,  but  it  is  ei&ten  by  the  sick  one's  family, 
which  offers  to  God  only  the  blood  of  the  victim. 

In  religious  matters,  the  Lolo's  mind  presents  two  characteristics 
in  strange  opposition.    There  is  not  only  a  primitive  belief  in  the 
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direct  intervention  of  spirits  as  the  agents  of  all  their  misfortunes^ 
even  of  sickness,  but,  on  the  other  hand,  there  is  that  skepticism  of 
ancient  civilizations  which  disdains  to  give  ahns  to  the  deities  by 
prayer  or  to  erect  temples  or  altars,  or  to  prostrate  or  humiliate 
themselves;  they  despise  fetiches  and  incense. 

Every  Lolo  is  possessed  of  a  soul,  a  living  and  active  though  imma- 
terial substance,  impalpable,  and  invisible.  At  the  death  of  the  one 
which  it  animates,  what  becomes  of  this  soul  ?  If  it  has  broken  no 
sacred  law,  it  remains  in  a  condition  of  transitory  rest,  not  really 
unhappy,  but  without  joy,  without  positive  happiness.  It  wiU  expire, 
on  the  contrary,  if  it  has  done  evil  or  violated  the  precepts  of  the 
traditional  morals  of  its  race.  I  must  tell  you  that  the  Lolo  shows 
but  little  respect  for  his  deities;  it  is  so  little  even  in  the  case  of  the 
good  ones,  from  whom  he  has  nothing  to  fear,  that  he  considers  them 
as  mere  guardians  of  the  body,  protectors  or  aids  of  the  lowest  order. 

Does  he  not  say  in  the  ritual  chants  preserved  by  the  sorcerer 
priests:  "May  the  good  spirits  go  before  you  that  the  nail  of  your 
toe  be  not  bruised !  May  the  good  spirits  precede  you,  clearing 
obstacles,  that  the  nail  of  your  hand  be  not  bruised!"  Thus  is 
chanted  the  celebration  of  marriage.  They  also  add:  "Protect  by 
day,  watch  by  night !  May  the  good  spirits  hearken  to  you,  that  not 
one  of  your  hairs  may  fall ! '' 

ORIGIN   OF  THE   LOLOS — ^TRADITIONS. 

Father  Martin  gives  the  following  versions  on  the  origin  of  the  first 
Lolo: 

1.  In  vexy  ancient  timee  a  man  fell  from  the  sky  to  the  earth;  he  was  naked.  Then 
there  fell  another  man  and  a  woman  and  these  two  were  married.  The  legend  is  silent 
as  to  what  became  of  the  first  man.  Then  the  the  herb  "jegu"  grew,  then  ferns. 
Soon  there  were  bom  a  bear  and  an  ape.  Thus  was  made  the  human  race,  for  the 
bear,  man,  and  the  monkey  are  of  the  same  nature. 

2.  Man  appeared  on  the  earth,  and  there  were  bom  from  him  the  bear  and  the  mon- 
key.   The  l^end  does  not  explain  this  reversed  Darwinian  theory. 

3.  First  fell  a  white  man,  then  a  black  man,  then  a  red  man;  Uiey  had  no  clothes, 
but  dressed  themselves  with  leaves.  These  men  remained  a  certain  time,  then  dis- 
appeared. The  sky  then  sent  a  couple  that  brought  into  the  world  two  sons  who, 
deprived  of  wives,  could  naturally  not  have  -poetenty.  Again  the  earth  found  itself 
without  a  single  human  representative.  Then  there  came  a  new  man,  who  also  died 
without  posterity.  A  woman  then  appeared,  a  sort  of  harpy,  who  remained  childless. 
Finally  ^ere  fell  from  the  sky  *'Omou,"  who  left  10  sons  and  daughters,  and  thus 
the  entire  earth  was  peopled. 

Dduge. — "When  man,  increasing  and  multiplying,  had  invaded  the 
entire  world,  then  burst  forth  the  deluge.  On  all  sides  the  water 
gushed  forth,  from  moimtains,  rivers,  douds,  and  fields.  All  man- 
kind died  except  one  brother  and  his  sister  of  the  ancient  line  of  Omou. 
They  cut  down  a  tree  {Eloecocca  vemidfera),  the  sap  of  which  is 
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veiy  commonly  used  in  CSiina  as  yarniah,  somewhat  resembling 
our  fig  tree,  and  built  an  aricin  which  they  took  refuge.  Thmtheaik 
floated  on  the  water  over  all  the  land.  The  waters  htfying  at  last 
receded,  the  sik  rested  on  Olou  Mountain.  The  lm>ther  and  sister 
haying  thus  escaped  the  catastrophe  that  destroyed  all  other  human 
beings,  joined  in  marriage  and  bore  numerous  children.  From  the 
two  older  ones,  the  first  were  of  the  Sif an  type  (an  aboriginal  race  oi 
the  Far  West  very  near  Tibet),  the  second  the  Lolo  type,  and  the 
youngest  the  Chinese  type.  Fearing  a  new  deluge  they  undertook  to 
build  a  yery  hi^  house.  A  Pou  Ouoea  (a  deity)  tried  to  dissuade 
them  from  this  work,  but  they  would  not  listen  even  to  his  threats. 
But  when  the  workman  on  top  of  the  structure  said:  'Bring  a  beam,' 
and  the  one  who  was  below  sent  up  a  stone,  then,  no  longer  under- 
standing one  another,  they  separated.  The  Sifaa  emigrated  toward 
the  north,  the  Lolo  to  the  the  east,  and  the  Chinese  to  the  south." 

There  is  another  version  of  the  deluge.  ''  Two  brothers  were  tilling 
the  ground.  The  god,  A  Pou  Ouosa,  said  to  them:  'Do  not  dig/ 
But  they  dug  the  more.  A  Pou  Ouosa  repeated:  'Do  not  dig,  the 
end  of  the  world  is  coming.'  One  beUeved  the  god,  the  other  not  at 
all.  To  the  one  who  beUeved,  A  Pou  Ouosa  said:  'Make  an  ark  of 
wood,  you  and  your  sister,  and  when  the  waters  shall  oome  you  shall 
float  within.'  He  said  to  the  other:  'Build  an  ark  of  iron.'  The 
deluge  came;  the  brother  and  his  sister  who  had  taken  refuge  in  the 
iron  ark  were  drowned;  the  wooden  ark  floated  and  saved  those  who 
had  believed  in  the  word  of  God.  The  waters  having  lowered,  t^ 
brother  and  his  sister  came  out  of  the  ark.  The  god,  A  Pou  Ouosa, 
then  said  to  them:  'There  are  no  hmnan  beings  on  the  earth,  you 
must  marry.'  They  hesitated,  but  such  miraculous  things  were  going 
on  at  that  moment  before  their  dazzled  eyes  that  they  yielded,  imder- 
standing  that  it  was  the  will  of  A  Pou  Ouosa.  Their  first  offspring 
had  flat  feet;  this  was  a  bear.  Then  there  was  a  second  which  bore 
some  resemUance  to  a  real  man;  this  was  a  monkey.  At  last  there 
came  into  the  worid  a  being  that  looked  like  a  human  being,  and  this 
one  was  really  a  man.  Whence  comes  the  tradition:  'The  bear,  the 
monkey,  and  man,  all  of  the  same  nature.' " 

Funeral  rites. — In  contrast  with  the  Chinese,  the  Lolo  of  Eiant- 
chang  has  no  cult  for  the  dead,  for  ancestors.  When  a  member 
of  a  clan  has  drawn  his  last  breath,  they  carry  him  in  a  wooden  box 
called  the  "mortuary  box."  They  bum  the  body  lying  in  the  foetal 
position  and  all  is  ended.  They  do  not  even  gather  the  ashes  to  take 
home.  And  in  the  futiire  no  kind  of  religious  rite  will  be  rendered  to 
the  shades  of  the  deceased;  he  has  absolutely  disappeared  from  the 
clan. 

In  order  to  complete  this  review  of  the  principal  characteristics  of 
the  Lolo  mountaineer,  I  shall  here  recall  an  interesting  conversation 
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that  I  had  with  the  chief  of  a  large  tribe  in  the  valley  of  Ngan  Ning,  the 
seignior  os  noir.  You  Ka.  I  had  won  his  confidence,  which  is  the  reason 
why  on  one  fine  day  he  confirmed  or  corrected  a  series  of  important 
statements  that  I  had  recorded  during  a  preceding  journey.  These 
are  only  brief  rfeumfe  but  are  very  instructive. 

Utensils. — ^It  is  said  that  there  is  one  industry  of  the  greatest  neces- 
sity that  is  found  among  all  races  of  men  in  every  region  on  the  face  of 
the  earth ;  that  is  pottery.  The  peoples  of  Africa  and  Oceanica,  even 
in  a  savage  state,  fashion  all  sorts  of  earthenware  receptacles  from 
day  or  sandy  material.  Among  the  Lolos,  however,  there  is  not  a 
trace  of  native  pottery.  The  bowls  and  teapots  that  are  occa- 
sionally seen  at  the  home  of  an  os  noir  are  of  Chinese  make,  either  pur- 
chased or  presented.  In  the  houses  of  Leang  Shan  or  Mao  Nieou 
Shan,  you  sometimes  see  a  wooden  bowl  in  the  form  of  our  soup 
tureen  or  fruit  dish.  It  is  generally  well  shaped  and  carefully  tiumed,. 
and  I  have  recognized  in  this  important  detail  the  Chinese  influence. 
Money. — ^The  Lolo,  for  conunercial  transactions,  has  no  kind  of 
native  money.  Though  you  may  see  some  brass  and  silver  coins,  they 
are  of  Chinese  origin.  All  he  knows  is  to  trade  by  direct  exchange  of 
merchandise,  common  barter. 

Weights  and  measures. — ^There  are  no  weights  or  measures  among 
the  Lolos.  When  he  sells  grain  he  gives  you  1,  2, 10  loads,  each  rep- 
resenting the  quantity  that  a  man  of  ordinary  strength  can  cany  on 
the  head,  or,  more  rarely,  in  a  basket.  When  he  sells  you  any  com- 
modity he  poises  it  in  the  hand  or  in  both  hands  and  tells  you  its 
value  according  to  the  weight  estimated,  which  corresponds  to  no 
definite  unit. 

Professional  trades. — ^There  are  but  few  trades.  The  only  definite 
ones  are  weavers,  carpenters,  and  blacksmiths.  What  partic- 
ularly astonished  me  was  that  there  are  no  tailors  or  dressmakers, 
properly  speaking.  Their  clothing  is,  made  by  the  adults  them- 
selves. The  servants  may  work  for  their  mistress,  the  *'ouatze"  for 
the  seignior,  but  there  is  no  specializing  of  work  in  the  ordinary 
meaning  of  the  word. 

Cloihing. — Before  the  coming  of  the  Chinese  and  their  attempts  at 
conquest,  dating  from  the  fourteenth  c^itury  after  Christ,  before 
the  Chinese  had  influenced  the  aboriginal  customs  and  effected  com- 
mercial exchanges,  the  Lolo  dressed  in  the  simplest,  most  primitive 
fashion.  The  women's  skirt,  the  men's  trousers,  were  merely  a 
piece  of  very  coarse  woolen  cloth,  draped  around  the  hips  and  reach- 
ing to  the  knees  in  numerous  vertical  folds.  A  cord  held  this  cloth 
around  the  waist.  The  costmne  was  completed  by  the  mantle  so 
characteristic  of  the  Lolo  people,  the  part  of  its  dress  that  without 
alteration  has  come  down  to  the  present  time.  The  mantle  is  also 
made  of  a  large  piece  of  coarse  cloth.    It  is  nearly  square,  and  not 
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fttdilfully  tailored,  as  in  our  country.  It  adapts  itself  to  the  shoul- 
ders, and  is  fitted  to  the  neck  by  a  cord  passed  throng  a  fold  in  the 
upper  border  of  the  piece  of  goods.  The  mantle  and  the  skiit  com- 
prise the  entire  costume. 

The  Chinese  at  one  time  offered  for  sale  thttr  cotton  fabrics  and 
recently  those  imported  from  Europe.  The  Lolos  now  purchase 
these,  and  even  in  the  remote  districts  of  Leang  Shsn  neariy  all  the 
men  wear  cotton  pantaloons  and  blouse,  and  the  women  wear  a  skirt 
and  waist  of  like  material.  I  have,  however,  in  the  mountains  of 
Mao  Nieou  Shan  seen  some  women  slaves  wearing  coarse,  gray  or 
black,  woolen  petticoats,  which  are  never  white,  thou^  you  fre- 
quently see  white  mantles.  The  petticoats  are  the  natural  color  of 
the  wool.  I  have  not  ascertained  whether  the  Lolos  know  the  art  of 
dyeing  fabrics,  but  at  the  present  time,  however  it  may  have  been 
heretofore,  it  is  certain  that  for  a  long  period  liie  cotton  fabrics 
spotted  with  bright  colors  (red,  green,  blue,  and  violet),  which  the 
women  as  well  as  the  men  have  sought  for  the  turban  and  their 
blouse,  have  been  furnished  by  the  CSiinese.  Once,  says  Vou  Ea, 
the  turban  of  the  yoimg  man,  as  well  as  the  hat  of  the  young  woman, 
or  the  bonnet  of  the  young  girl,  were  of  wool.  The  fleece  of  his 
sheep  furnished  the  Lolo  with  all  his  clothing,  even  his  head 
covering. 

llie  carpenter  is  the  man  who  is  but  little  employed,  who  worioB 
both  with  the  hoe  in  the  field  and  with  the  axe  in  the  village.  The 
squaring  of  timbers  for  structural  work  is  so  primitive,  mortising  so 
rarely  done,  the  framing  so  rudimentary,  by  simply  laying  beams 
together  to  hold  them  in  place,  that  it  is  useless  to  look  for  art  from 
the  Lolo  carpenter. 

As  to  what  we  term  a  cabinet  maker,  that  profession  is  neyer 
found  among  those  tribes,  for  the  simple  reason  that  the  Lolo  con- 
siders all  furniture  as  useless. 

The  shoemaker  would  have  little  to  do,  for  the  Lolo  either  go« 
barefooted  or  wears  straw  sandals  that  nearly  anyone  can  plait. 

The  blacksmith  trade  is  the  most  important  of  all.  Hoes  are 
needed  for  the  farmer,  as  well  as  a  small  plowshare,  a  very  primi- 
tive kind  of  implement  borrowed  from  the  Chinese.  And  above  all, 
the  Lolo  must  have  iron  heads  for  lances  and  arrows,  and  ordinary 
blades  for  cutlasses,  fine  blades  being  purchased  from  the  Tibetans. 

The  blacksmiths  make  nothing  at  all  for  structural  work,  not  even 
hinges  or  handles  for  the  doors;  not  a  nail  or  a  bolt — some  strips  of 
bamboo  or  bindweed  answering  for  all  these  things.  This  is  because 
the  simple  Lolo  house  is  built  as  by  a  turn  of  the  hand  and  can  be 
completed  in  a  day.  This  fact  was  proved  by  me  several  times,  and 
I  was  not  at  all  astonished  in  the  case  of  the  ordinary  hut,  the  real 
home  of  the  primitive  moimtaineer.     Of  course,  more  care  is  taken 
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in  constructing  the  larger  and  more  comfortable  homes  adapted  from 
various  Chinese  types. 

The  mason  and  the  locksmith,  like  the  shoemaker,  may  be  passed 
over  without  mention. 

There  are  no  merchants  in  the  clans,  properly  speaking,  nor  shops. 
Each  family  supplies  itself  or  receives  from  the  seignior  the  material 
necessary  for  food  and  clothing.  The  real  necessities  of  life  are  less 
complicated  than  one  would  imagine.  The  Chinese  merchant  never 
settles  in  the  villages  nor  in  the  territory  of  a  tribe,  but  sells  his  arti- 
cles through  a  colporteur,  traveling  from  group  to  group.  He  is  very 
largely  paid  in  cereals,  wool,  or  animal  hides. 

After  this  review  of  the  social  and  economic  organization  of  the 
Lolos,  various  other  subjects  were  discussed,  and  Vou  Ka  responded 
with  no  less  clearness.  I  already  knew  much  about  these  people,  but 
it  seemed  very  important  to  verify  my  first  observations. 

''Is  it  true  that  the  Lolo  does  not  wash  himself;  that  he  never  dis- 
robes to  sleep?'' — ''He  bathes  in  sununer  in  the  mountain  streams, 
and  washes  his  feet  throughout  the  year  at  dawn  of  day,  but  has  not 
felt  the  need  of  other  washing.  Our  women,  our  housekeepers,  with 
a  strict  sense  of  cleanliness,  never  knead  com  or  buckwheat  flour 
without  having  carefully  cleaned  their  hands  and  forearms  in  plenty 
of  water.  Otherwise  they  are  not  particidar  about  washing;  it  is 
really  useless.  Our  people  are  not  accustomed  to  disrobe  at  night. 
He  sleeps,  as  you  have  seen  at  Ta  Cha  Chou  and  at  Y  L6,  crouched 
before  the  fireplace  wrapped  in  his  mantle.  We  are  always  on  the 
alert,  always  ready  to  face  an  approaching  enemy  or  to  rush  to  the 
call  of  the  chief  for  an  attack." 

"Did  you  know  of  rice  before  the  advent  of  the  Chinese?  Was  it 
cultivated  by  any  of  the  tribes  ?" — "  That  cereal  was  unknown  to  us. 
It  was  the  Chinese  who  brought  it  to  us  and  taught  us  how  to  cultivate 
it.  It  is,  however,  as  you  know,  used  only  as  a  delicacy  by  such  of 
our  clans  as  possess  rice  fields." 

"Is  it  true  that  you  can  prepare  meat  in  such  a  way  as  to  obtain  a 
powder  that  will  keep  for  a  long  time?" — "Our  ancestors  taught  us 
to  cut  meat  into  thin  strips  and  to  dry  them  in  the  air  or  before 
a  fire.  When  once  hard  and  brittle,  die  strips  are  poimded  in  a 
mortar  and  reduced  to  fine  particles.  This  meat  powder  will  keep 
in  good  condition  for  two  years  when  the  desiccation  has  been 
thorough,  but  only  one  year  or  less  under  ordinary  conditions.  It  ia 
prepared  for  consumption  by  dissolving  it  in  water." 

'  'To  make  a  fire  did  your  ancestors  have  any  method  other  than  that 
now  employed — that  is,  the  fiint  ?  Have  they  any  other  processes  of 
lighting  than  by  chips  or  sticks  of  pine  or  fir?" — "No;  they  light  the 
tinder,  as  you  know,  made  from  tops  of  the  inmiortelle  and  other 
plants,  by  striking  the  fiint  with  a  piece  of  iron.     Our  ancestors  never, 
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like  the  Chinese,  used  colza  or  other  oil  for  illumination;  we  use  that, 
and  also  pine  cones  held  in  the  hand  or  fastened  to  something  as  you 
have  seen." 

I  then  called  attention  to  the  fact  that  coal,  so  abundant  in  these 
regions,  is  little  used  by  the  Lolos.  In  the  clan  of  You  Ea  they  hare 
used  it  for  only  the  past  40  years.  In  the  different  districts  that  I 
traversed,  places  far  from  the  centers  and  inhabited  by  rarious 
tribes,  I  never  saw  them  make  anything  but  wood  fires. 

The  chapter  on  religion  is  short,  but  You  Ka  declares  that  the 
tribes  have  no  poussahs  (grotesque  religious  images)  such  as  the 
Chinese  have.  They  never  pray  in  his  clan  nor  in  others  elsewhere. 
His  god  is  his  tvdt  of  hair  rolled  up  in  his  turban.  This  is  his ' ' come." 
''Is  the  god  represented  by  the  tatt  itself,  or  does  he  dwell  there  as  an 
immaterial  being  V*  I  could  not  make  my  meaning  clearer,  yet  You 
Ea  appeared  not  to  understand  it;  such  fine  distinctions  were  beyond 
his  comprehension.  When  they  make  an  offering,  there  is  jiothing 
religious  or  sacred  about  it;  they  drink  some  brandy  mixed  with 
blood,  the  blood  of  a  dog  that  has  been  sacrificed. 

Loutze  Ming  and  others  had  given  me  some  information  upon  the 
penalties  or  crime  in  the  tribes  or  dans  and  I  wished  to  hear  them 
confirmed  by  You  Ea.  He  explained  them  clearly,  summing  up  as 
follows  the  common  law — ^there  is  no  written  law: 

He  who  has  killed  should  die.  If  there  ahould  be  any  attenuating  ciicumstances 
they  permit  the  criminal  to  execute  himself  either  by  water  or  by  the  rope,  but  i! 
he  heeitatea  they  drown  him  at  once  in  the  mountain  torrent  or  else  hang  him.  Thoe 
Are  no  such  horrible  tortureo  as  one  finds  among  the  Chinese. 

You  Ea  confided  to  me  that  his  people  have  none  of  the  loose 
manners  of  the  Chinese,  and  it  is  true.  The  Lolo  has  a  very  hi^ 
idea  of  that  sentiment  which  we  call  modesty. 

Tins  modesty  ia  so  real,  so  deeply  rooted  in  the  intelligence  of 
these  primitive  people,  that  it  is  the  depth  of  disgrace  to  a  woman 
and  to  all  her  clan  likewise  if  she  should  expose  her  naked  body.  I 
can  cite  a  curious  striking  instance  of  this  characteristic,  really  grand, 
all  that  a  genuine  sacrifice  involves. 

When  two  tribal  enemies  have  long  been  in  strife,  so  that  frequent 
and  deadly  encoimters  cause  desolation  and  ruin  among  families, 
with  no  hope  of  reconciliation,  the  wife  of  the  chief  of  one  of  the 
tribes  resolves  to  sacrifice  her  female  modesty,  in  order  to  bring  to 
an  end  the  dreadful  feud.  Her  decision  made,  she  hastens  bj  devious 
paths,  on  the  day  fixed  for  the  encounter  between  the  two  bands  of 
warriors,  in  order  to  reach  thfe  place  before  the  fight  begins. 

Quickly,  then,  none  daring  to  hold  her  back,  she  casts  herself 
between  the  hostile  ranks  and  in  a  becoming  manner,  in  simple  words, 
beseeches  the  fighters  to  put  an  end  to  a  carnage  which  has  lasted 
too  long,  which  has  threatened  the  annihilation  of  the  brave  and 


Digitized  by  CjOOQ  IC 


THE  LOIiOS  OF  KIBKTOHAKO,  WBSTSRN  OHIKA — ^LBGEKDBE.      585 

strong  of  both  tribes.  "Do  they  still  wish  to  yield  to  their  hatred, 
to  sacrifice  themselyes,  forgetting  that  their  wives,  their  children,  and 
their  white-haired  aged  ones  will  soon  have  no  protectors?"  H  her 
prayer  has  no  effect,  as  the  warriors  stand  like  statues,  savagely 
keeping  silent,  she  b^s  them  for  the  last  time  to  listen  to  her.  But 
if  the  lances  be  not  lowered,  then  heroically,  with  a  bold  gesture  of 
sublime  immodesty,  she  throws  aside  her  clothes  and  stands  entirely 
naked  before  the  rank&  of  men.  A  clamor  then  breaks  forth,  vibrating 
through  the  depths  of  the  ravines,  mounting  to  the  sunmiits,  a  clamor 
of  shame  and  of  despair  hurled  forth  by  the  warriors  of  both  clans; 
this  time  the  lances  are  lowered  and  the  deadly  feud  is  closed.  By 
sacrificing  her  modesty  the  woman  has  triimiphed;  by  this  great 
sacrifice  all  their  hatred  is  thus  suddenly  ended.  There  is  shame  for 
all  these  men  for  having  provoked  such  an  act  by  a  respected  wife  of 
a  chi^,  there  is  shame,  but  endured  entirely  by  them!  They  tremble 
with  horror  for  a  long  time,  recalling  it  with  anguish.  Modesty! 
thou  art  not  then  merely  a  word  in  the  land  of  the  primitive  Lolol 

I  will  give  an  amusing  account  of  the  ceremonial  accompanying 
every  Lolotte  marriage;  translated  by  Father  Martin. 

As  soon  as  the  fiancee  arrives  in  the  tribe  of  her  adoption  the 
marriage  is  celebrated  with  great  pomp.  If  the  family  is  well  to 
do,  the  sorcerer  is  called  with  his  book  of  traditional  conjiu*ations  or 
adjurations  and  threats  against  evildoers.  His  rituals  are  said,  a 
cup  of  "chao  tsieou"  in  the  hand  which  he  pours  out  on  the  ground 
at  the  end  or  toward  the  foiff  points  of  the  compass;  this  is  the 
ritual  gesture.  His  principal  rdle  is  to  clear  from  the  path  of  the 
young  couple  the  evil  genii,  but  he  must  also  make  some  wishes  for 
their  happiness,  for  abundance  of  good  things  of  this  world,  for 
posterity,  and  for  long  life.    His  cup  of  alcohol  in  hand,  he  cries: 

A  libation  1  A  libation  to  the  protecting  spirits  above,  to  the  god  Apou  Ouosa, 
to  the  shades  below,  to  the  spirits  of  the  mountains,  to  the  spirits  of  the  valleys,  to  the 
eplrits  of  the  East,  to  those  of  the  West,  to  those  of  the  North,  to  those  of  the  South. 
A  libation  to  you,  spouse  X 1  To  you  both,  may  the  spirits  on  high  give  you  full 
meaBuie  of  happiness;  likewise  the  spirits  belowl  May  the  god  Apou  Ouosa  load  you 
with  bleesiiigsl  May  he  protect  you  by  day,  defend  you  during  the  nightl  May  there 
come  to  you  abundant  posterity:  some  sons  for  the  Either,  some  daughters  for  the 
mother.  May  the  sons  live  99  years  and  the  daughters  77,  and  may  such  posterity 
continue  for  1, 100  years!  Protection  by  day,  watchfulness  by  night!  To  you  two,  when 
you  shall  spend  the  day  on  the  moimtain  and  diould  the  evil  spirit  come,  may  the  evil 
one  fly  away  I  If  the  evil  spirit  comes,  may  it  fly  away  I  When  the  newly  married  hus- 
band shall  enter  or  leave  his  house,  if  the  evil  one  seeks  to  accompany  him,  maybe  be 
powerless,  may  he  fly  away!  If  it  be  that  evil  spirit  X.,  may  it  fly  away;  if  the  evil 
spirit  M.,  may  it  fly  away;  if  the  evil  spirit  N.,  may  it  fly  away!  If  the  newly  mar- 
ried spouse  goes  into  the  village  and  the  demon  of  the  thickets  diould  come  toward 
her  mayitflyawftyl  If  it  be  the  chief  of  devils,  may  he  flee!  May  the  witches  hence- 
forth vwiahl  May  evil  omen&.ceaseI  Away  misfortune!  Away  sickness!  You  two 
married  ones  in  your  white  old  age,  may  you  have  youth  with  teeth  complete!    May 
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the  goesta  come  in  crowds  to  the  weddiogl  Enter  it  rig^t,  be  at  peace,  retom  con- 
tented I  In  drinting  at  the  siphon,  do  not  drink  to  suffocation;  in  eating  of  the  meat, 
do  not  choke  srourself t  Protection  by  day,  watchfohiefls  at  night!  May  the  good 
spirits  listen  to  your  pre  yen,  that  not  a  hair  of  your  heads  may  £ftlll 

POLITICAL  OBOANIZATION8  OF  THE  LOLO  OOUNTRT. 

I  have  said  that  the  Lolos  are  divided  into  clans,  into  tribes,  which 
not  only  lack  a  common  bond,  but  are  often  in  conflict,  weakening 
and  ruining  themselves  in  bloody  feuds.  It  is  seldom  that  two  oi  *• 
three  tribes  join  against  an  enemy.  When  such  an  agreement  is 
made  it  never  lasts  long,  but  is  broken  as  soon  as  the  expedition  ends. 
The  most  powerful  of  the  tribes,  called  Lo  Hong,  which  can  put  in 
the  field  10,000  fighters,  some  say  20,000,  has  never  been  able  to 
assert  its  supremacy  over  the  smaUest  tribes  so  as  to  make  them 
submit  to  its  law.  Political  isolation  of  the  dans,  favored,  if  not 
caused,  by  the  nature  of  the  soil  and  the  wild  character  of  the  region, 
still  predominates.  It  is  kept  this  way  by  its  pride,  a  peculiarity  of 
the  seigniors,  and  of  the  least  little  chief  who  can  not  conceive  of  an 
authority  superior  to  his  own.  Scattered  over  a  wide  region,  in 
small  villages  of  10  to  20  households,  rarely  more,  connected  by 
simple  paths  or  trails  often  dangerous,  the  Lolos  do  not  form  a 
compact  body  of  people  that  might  be  termed  a  nation.  They  are 
still  in  a  stage  of  pohtical  evolution.  No  village,  even  that  of  the 
most  powerful  tribal  chief,  has  yet  been  raised  to  the  dignity  of  a  city 
of  the  lowest  class.  An  assemblage  of  a  himdred  families  in  a  sort  of 
small  intrenched  camp  is  altogether  exceptional. 

Origin  of  the  Loh. — ^How  was  it  that  Eaentchang  came  to  be  the 
home  of  the  Lolo;  isit  claimed  that  he  was  merely  an  immigrant  in  an 
ancient  epoch  ?  Why  did  he  penetrate  into  this  wild  and  inhospitable 
mountain  pasture?  Did  he  come  to  conquer  it,  driving  back  or 
uniting  a  more  feeble  race,  or  was  he  only  a  refugee  in  quest  of  a 
shelter,  a  human  outcast  driven  aside  by  the  flood  of  great  invasions! 
Did  he  flee  from  the  west  or  from  the  east,  from  Birmanie  or  some 
region  of  Szech'uan,  or  from  a  much  greater  distance  t  Some  tradi-. 
tions  place  him  as  coming  from  Shensi,  but  it  would  be  imprudent  for 
any  one  to  think  of  solving  ihe  problem  at  this  time.  It  requires 
long  and  patient  research  on  the  conditions  of  this  people's  existence, 
its  lack  of  culture  rendering  the  study  a  very  intricate  one.  It  is 
Ukewise  very  difficult  to  determine  its  racial  origin.  The  existing 
types  present  some  variations,  some  ethnic  order,  that  indicate  a  very 
varied  ancestry.  There  is  an  undoubted  mixture  even  in  the  noble 
caste,  the  Os  noirs,  among  whom  you  would  search  in  vain  to  make 
out  one  well-defined  race. 
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THE  PHYSIOLOGY  OF  SLEEP.* 


By  R.  Leoendrr. 


Sleep  is  one  of  the  most  necessary  functions  in  our  lives.  It  occu- 
pies a  third  of  our  existence.  It  is  therefore  not  at  all  strange  that  it 
should  be  a  sdbject  of  deep  study  and  research  by  numerous  investi- 
gators; in  fact,  poets,  philosophers,  psychologists,  physicians,  physiol- 
ogists, and  others  contemplate  the  subject  and  examine  it  from  their 
several  points  of  view. 

To  poets,  according  to  their  feeling  at  the  moment,  sleep  is  in  turn 
distasteful  or  pleasing.  Wishing  for  action,  they  call  it  '*  brother  of 
death,"  but  more  frequently,  absorbed  in  reveries  and  dreams,  they 
banish  that  thought,  for  sleep  no  more  resembles  death  than  does  a 
smoothly  flowing  stream  resemble  the  calm  surface  of  a  lake. 

•Day  is  for  evil  doing,  for  weariness,  and  hate. 

Night  is  the  well-beloved,  she  who  brings  tranquillity,  repose,  and 
dreams;  and  the  poets  invoke  her,  begging  her  to  stay. 

Oh,  veneiable  night,  from  whose  depths  profound 
Through  endless  space  peacefully  flow 
Broad  silvery  streams  from  countless  worlds, 
And  into  man  pours  calm  divine. 

«  «  «  «  « 

All  life  is  mute,  for  'neath  thy  spreading  wing 
It  drinks  of  sleep  at  shade  of  eve, 
A  milk  deep  and  wondrous,  that 
All  lips  imbibe  in  silence  at  thy  dark  breast. 

Sully  Prudhomme. 

Sleep  seems  even  as  a  god  who,  with  forehead  crowned  with  poppies 
and  wrapped  in  dreams,  slumbers  in  the  depths  of  an  obscure  grotto, 
isolated  by  the  river  of  f orgetf ulness. 

To  philosophers,  also,  sleep  is  a  subject  of  deep  thought.  It  opens 
up,  indeed,  two  gretft  problems:  First,  one  may  ask  what  becomes  of 
our  consciousness  during  sleep,  and  the  question  is  an  important  one 
when  we  agree  with  Descartes  that  thinking  is  proof  of  our  existence. 
Should  we  believe  that  the  mind  acts  continuously  in  our  dreams? 

i  Lecture  delivered  Hay  7,  1911,  at  the  National  Museum  of  Natural  History,  Paris.    Translated  by 
pennlssloii  from  Revoe  fldcntlflgue,  Paris,  forty-ninth  year,  June  17, 1911. 
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Or  is  our  consciousneas  discontinued  t  If  it  be  not  ccmtinuous^  how 
can  we  account  for  that  deep  feeling  tliat  we  have  of  the  unity  and 
continuity  of  our  personality  t 

Moreover,  how  do  we  distingnish  the  dream  from  the  reality! 
Descartes  says: 

How  many  tunes  st  nig^t  have  I  tfaon^t  that  I  was  in  a  cei^am  room^  that  I  was 
clothed,  that  I  was  near  the  fireplace,  altiioii^  I  was  undreoKd  and  in  my  bed!  It 
ii  plain  to  me  at  this  moment  that  it  is  not  at  all  with  sleepy  eyes  that  I  b^old  this 
paper;  that  this  head  that  I  nod  is  not  at  all  drowsy;  that  it  is  with  design  and  delib- 
erate purpose  that  I  extend  this  hand  and  lesl  ol  it.  Whathi4>penstomeinmydeq> 
k  not  near  so  clear  and  distinct  as  this. 

We  certainly  distinguish  far  more  clearly  the  incidents  of  our 
daily  life  than  those  of  our  dreams.  Yet,  after  aU,  who  has  not  asked 
himself  on  waking  up  whether  these  thoughts  were  visions  or  the 
reality?  And  how  can  he  be  sure  which  is  correct!  This  explains  the 
perplexity  of  Pascal  when  he  says: 

Who  knows  whether  that  other  part  of  life  when  we  think  we  are  awake  is  but 
another  kind  of  tleep,  a  trifle  dififerent  from  the  fint,  to  which  we  are  aroosed  when 
we  think  we  are  asleep? 

These  two  conceptions  of  a  continuous  personality  and  of  the  reality 
are  subjects  of  psychological  studies  relative  to  sleep.  Not  only  do 
psychologists  observe  these  in  respect  to  themselves  but  their  vari- 
ations in  other  persons.  And  they  have  demonstrated  some  curious 
phenomena.  Though  most  men  have  a  distinctive  and  strong  person- 
ality, there  are  those  in  whom  personaUty  is  disorganized,  and  some 
have  come  to  have  two  absolutely  independent  personalrties,  as  the 
hysterical  individuals  observed  by  MacNish,  Azam,  and  others. 
Ihough  the  majority  of  men  clearly  distinguish  the  genuine  from 
dreams,  it  is  eqiially  true  that  some  can  not  make  this  distinction  and 
take  their  dreams  for  reaUties  and  realities  for  dreams.  Disorders  oi 
the  personality  and  the  perception  of  the  reality  are,  however,  patho- 
logical conditions  and  their  study  is  altogetiier  more  within  the 
domain  of  the  physician  than  of  the  psychologist.  The  physician 
devotes  himself  to  numerous  problems  pertaining  to  sleep.  Aside 
from  the  hygiene  of  normal  sleep  which  is  within  his  jurisdiction,  he 
must  also  consider  its  disturbances,  such  as  hysteria  and  various  coDr 
ditions  more  or  less  comparable  to  sleep,  as  hjrpnotism,  letbargy, 
anesthesia,  coma,  sleeping  sickness,  and  the  like. 

Hysteria  is  an  illness  that  most  distiu'bs  sleep.  Besides  the  con- 
ditions of  disorganization  of  the  personality  and  the  loss  of  percep- 
tion of  the  reality  of  which  I  have  spoken,  hysteria  presents  other 
disorders,  either  provoked,  as  in  hypnotism,  or  involimtaiy,  as  in 
lethargy.  A  discussion  of  these  phenomena  would  be  very  interest- 
ing, but  it  would  take  too  long  a  time. 
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Unconsciousness  caused  by  chloroform,  ether,  and  other  anesthetics 
bears  only  a  distant  relation  to  natural  sleep.  It  differs,  among  other 
things,  in  the  impossibility  of  exciting  an  awakening.  Coma  differs 
still  further,  for  it  is  very  close  to  death;  while  sleeping  sickness  is 
comparable  only  m  name,  for  it  is  caused  by  parasites  and  produces 
torpor  only  in  its  last  stages.  Laying  aside  all  these  questions,  the 
exposition  of  which  would  require  several  lectures,  I  will  talk  to  you 
of  natural  sleep  alone,  and  of  that  only  as  a  physiologist,  for  the 
physiologist  also  has  his  opinion  to  express  upon  the  subject. 

Generally  the  physiologist  hardly  speaks  of  sleep,  and  though  it 
takes  up  the  third  of  our  lives,  it  is  far  from  occupying  a  third  part 
of  physiological  books.    A  page  or  a  few  lines  is  all  we  find  about 
this  subject  even  in  the  largest  treatises.    It  is  not  only  studies  and 
definite  theories  concerning  sleep  that  are  lackmg  among  physiolo- 
gists, but  precise  observations  are  rare  because  they  are  difficult. 
How,  in  fact,  can  you  experiment  upon  a  being  wrapped  in  slumber 
without  waking  him?    How  can  you  produce  genuine  sleep,  which 
is  really  a  voluntary  act?    How  distinguish  natural  sleep  from  the 
state  of  torpor  so  often  produced  in  experiments?    Though  all  these 
questions  are  not  answered,  yet  the  subject  seems  to  me  to  be  of 
enough  interest  to  warrant  my  showing  you  the  actual  conditions  of 
this  great  problem.    Let  us  first  of  all  try  to  understand  what  that 
is  which  is  called  sleep,  though  it  is  much  easier  to  tell  what  it  is  not 
than  what  it  really  is.    It  is  certainly  not  like  a  narcotic  state,  nor 
hypnotism,  nor  the  lethargy  which  I  just  mentioned.    It  is  different 
from  the  changing  rhythms  of  certain  plants,  as  the  truffle,  the  sensi- 
tive plant,  and  it  differs  also  from  the  hibernating  sleep  of  the  snail, 
the  marmot,  and  many  other  animals.    But  what  is  it  exactly,  and 
what  do  we  know  about  it  ?    There  are  definitions  enough  by  psychol- 
ogists as  well  as  by  physiologists,  but  none  are  satisfactory,  and  I 
believe  it  would  be  better  to  at  once  describe  the  mechanism  of  sleep, 
rather  than  tediously  to  hunt  for  its  precise  formula. 

Let  us  then  examine  a  man  asleep,  a  man  in  preference  to  an  animal, 
for  to  external  observations  we  can  add  a  description  of  what  we  feel 
in  ourselves.  Contrary  to  what  one  would  be  inclined  to  believe,  we 
do  not  go  to  sleep  because  we  are  fatigued,  for  great  fatigue  may 
indeed  provoke  insomnia,  just  as  a  long  walk  in  the  coimtry  will  cause 
great  exhaustion  in  a  person  who  is  not  in  training  and  often  ren- 
der difficult  the  customary  slumber.  We  actually  go  to  sleep 
either  through  habit  or  throu^  a  spirit  of  indifference  to  our  sur- 
roiuidings.  Ttxough  habit,  we  go  to  bed  every  evening  and  sleep  all 
jijgjit.  The  sight  of  our  bedroom,  of  our  couch,  the  darkness,,  the 
silence,  recall  the  habit,  and  incite  us  to  slumber.  But  this  is  not 
merely  a  habit,  for  it  varies  with  each  individual.  One  who  goes  to 
bed  r^ularly  at  10  o'clock  becomes  sleepy  each  evening  at  that  hour, 
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while  another  who  has  no  fixed  tune  for  retiring  does  not  feel  the  need 
of  it  at  any  special  hour.  Some,  again,  can  not  sleep  in  daylight, 
some  heartily  enjoy  long  morning  n^pa,  while  others  work  by  ni^t 
and  sleep  through  broad  daylight.  The  best  proof  that  a  special  time 
for  sleep  is  merely  a  habit  is  that  we  can  readily  change  the  hours. 
If  I  wish  I  can  pass  this  ni^t  without  sleep,  and  likewise,  if  sudi  be 
my  desire,  I  can  go  to  sleep  as  soon  as  this  lecture  is  finished.  An 
experiment  may  oblige  us  to  pass  one  or  even  two  nights  without 
sleep,  and  without  affecting  the  accuracy  of  our  observations.  A 
physician  is  awakened  for  an  urgent  operation;  he  performs  it  without 
a  mistake.  Who  has  not  in  mind  the  story  of  entombed  miners  look- 
ing for  deliverance  many  days  without  ceasing?  Not  only  can  we 
sleep  or  stay  awake  at  will,  but  we  can  regulate  the  duration  of  our 
sliunber.  Most  persons  sleep  eight  hours  daily,  but  we  can  sleep  longer 
if  we  make  it  a  habit,  and  much  lees  if  we  need  to  do  so.  Napoleon 
slept  only  three  or  four  hours  a  day.  What  better  example  of  habit  is 
there  than  that  of  some  children  who  can  go  to  sleep  only  after  the 
mother's  good-night  kiss,  and  that  of  persons  who  can  sleep  only  in  a 
certain  position  ? 

But  our  sleep  is  not  always  due  to  habit.  The  sight  of  others  asleep 
near  by,  a  monotonous  or  even  a  varied  noise,  have  put  us  to  sleep, 
without  our  thinking  of  it.  So  some  persons  fall  asleep  at  their 
studies,  at  lectures,  and  even  at  the  opera.  The  process  of  digestion 
and  fatigue  certainly  favor  sleepiness,  but  its  true  cause  is  indifference. 
To  yawn,  to  doze,  are  signs  of  weariness.  "  They  doze,"  says  Bergson, 
"in  the  exact  proportion  to  their  lack  of  interest  in  their  surround* 
ings." 

However,  one  must  not  believe  that  sleep  is  either  merely  a  habit  or 
an  act  of  indifference  alone  for  it  is  equivalent  to  a  necessity,  and  we 
could  not  deprive  ourselves  of  sleep  without  serious  consequences. 
An  animal  deprived  of  sleep  dies  after  a  few  days,  much  sooner  than  if 
it  were  deprived  of  food.  We  genially  sleep  longer  and  mudi 
soimder  after  prolonged  wakefulness,  when  our  attention  has  been 
most  sustained.  Sleep  refreshes,  it  revives.  If  it  is  an  instinct,  a 
habit,  it  is  an  excellent  one,  and  we  would  not  know  how  to  do 
without  it. 

You  know  the  signs  that  are  forerunners  of  sleep.  The  first  is  a 
sensation  of  pricking  or  tingUng  of  the  eyes,  which  is  explained  to 
little  children  as  the  coming  of  the  sandman.  Then  we  begin  to 
gape,  the  head  grows  heavy,  the  limbs  weary,  the  eyes  close,  atten- 
tion vanishes,  the  head  bends,  and  we  doze.  For  a  time  we  still  are 
conscious  of  the  things  about  us,  but  presently  the  sense  of  smell  and 
of  touch  are  gone,  the  hearing  weakens.  With  these  last  sensations 
are  often  mingled  shapeless  dreams,  with  Kttle  intensity,  incoherent, 
then  all  ceases,  our  consciousness  is  gone,  we  sleep.    Sleep  varies  in 
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duration;  the  newly  bom  slumber  18  to  20  hours  a  day,  adults  about 
8,  and  the  aged  only  5  or  6  hours.  It  varies  also  in  intensity.  Some- 
times we  can  sleep  ''with  clinched  fists/'  and  ''a  report  of  a  cannon 
would  not  awaken  us."  At  other  times  the  least  noise  wakes  us  up. 
Then,  certain  noises  disturb  us  more  than  others,  and  not  always  by 
their  intensity;  just  as  a  sleeping  mother  is  awakened  by  the  slightest 
movement  of  her  sick  child  and  does  not  hear  other  soimds  much 
louder  in  the  street.  The  soldier  in  his  tent  is  not  awakened  by  the 
noise  of  his  comrades  returning  late,  but  the  sound  of  the  bugle  wakes 
him  instantly.  Clocks  strike  every  hour  of  the  night,  but  only  the 
customary  hour  for  rising  awakens  us.  A  passenger  on  a  steamer 
sleeping  amid  the  whirr  of  the  propeller  may  be  awakened  by  the 
cessation  of  the  sound,  so  with  the  miller  sleeping  amid  the  clacking 
of  the  mill. 

Sleep  is  not  continuous  from  beginning  to  end.     We  have  marked 
its  intensity  at  different  periods  by  observing  the  strength  of  irrita- 
tion necessary  to  awake  the  sleeper  and  we  have  noted  that  it  becomes 
deeper  and  deeper  up  to  the  second  hoiu*,  then  gradually  diminishes 
in  intensity  until  the  awaking.     Waking  up,  like  going  to  sleep,  is 
premeditated,  spontaneous,  or  provoked.    We  awaken  either  because 
we  have  wished  it,  or  have  slept  enough,  or  because  of  some  exciting 
cause.    Many  persons  can  wake  at  any  hour  that  they  have  pre- 
viously fixed  upon,  and  some  never  make  a  mistake  of  more  than  a 
quarter  of  an  hour.    In  some  cases  the  waking  up  may  be  due  to 
habit.    Sleep  may  cease  the  same  hour  each  day  because  of  a  cus- 
tomary noise,  as  of  the  ringing  of  a  bell  or  the  passing  of  a  vehicle, 
or  at  the  dawn  of  day.     A  person  may  spontaneously  end  his  sleep 
because  he  has  slept  enough,  having  passed  the  customary  8  hours 
in  rest.    But  the  best-known  causes  of  waking  are  external  or  inter- 
nal sensations.    Hunger,   thirst,   cold,   may  awaken  one.    Disor- 
dered respiration  or  circulation,  due  to  an  uncomfortable  position, 
produces  wakefulness,  often  accompanied  by  nightmare.    The  emo- 
tion caused  by  certain  dreams  breaks  our  slumber.     If  I  dream  that 
I  am  going  to  be  crushed  or  that  I  am  drowning  or  falling,  I  wake 
in  agony  before  the  dream  is  ended.     An  unusual  noise,  a  sudden 
gleam  of  light,  likewise  awakens,  besides  other  sensations  that  I  will 
presently  mention. 

In  waking  up  we  repass  more  or  less  rapidly  through  the  same 
conditions  as  in  going  to  sleep.  Our  consciousness  gradually  returns, 
our  eyes  open,  and  we  remain  an  instant  half  awake,  all  ready  to  go 
to  sleep  again  if  the  cause  of  the  waking  should  cease;  but  if  it  con- 
tinues, we  take  account  of  our  condition,  recover  consciousness  of 
our  surroundings,  recognize  the  time,  the  light,  sounds,  and,  com- 
pletely awake,  with  renewed  knowledge  of  the  real,  we  yield  to  oiu: 
first  judgment,  recover  our  memory,  and  decide  on  our  actions. 
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This  obBervation  that  anyone  can  make  leads  us  now  to  ezannne 
some  of  the  definitions  of  nonnal  sle^. 

We  may  say  with  Barthez:  ''Sle^  is  a  fcmotion  of  the  yital  prin- 
ciple alternating  with  being  awake/'  or,  better,  a  vital  function  alte^ 
nating  with  being  awake.  With  Sergueyeff,  we  recall  that  it  is  neo- 
eesary  and  periodic;  with  Manac&ne,  that  it  is  the  period  of  repose 
of  our  consciousness;  with  Bergson,  a  reaction  from  indifference; 
with  Clapardde,  that  it  is  an  instinct  or  a  habit.  All  these  definitions 
are  exact  and  their  resemblance  characterizes  the  phenomena  deaity 
enough.  But  if  we  would  go  further  and  know  wiiy  we  go  to  sleep^ 
we  must  not  only  observe  a  man  asleep,  but  more  than  that,  wemn^ 
analyze  the  action  of  various  bodily  functions  during  sleep. 

Making  experimental  observations  of  sleep  is  peculiaiiy  difficult 
There  is  great  risk  of  disturbance  merely  through  one's  presence,  by 
noise,  or  on  account  of  apprehension  or  irritation  caused  in  the  sleeper 
by  the  pressure  of  the  instruments  resting  on  him.  Althou^  thefe 
are  difi^culties  almost  impossible  to  overcome,  yet  physiologists  have 
succeeded  on  several  occasions  in  making  important  experiments  upon 
sleeping  men. 

First  of  all,  certain  observations  require  no  instruments,  such  is 
measiuing  the  number  of  respirations  or  the  beating  of  the  heart 
Then  one  can  become  accustomed  to  going  to  sleep  while  holding  an 
instrument  which  will  register  varioi»  movements  produced  during 
sleep.  Sometimes  you  come  across  cases  where,  as  the  result  of  a 
fall  or  from  a  siu*gical  operation,  there  is  an  opening  in  the  skull 
exposing  the  brain.  By  observing  such  cases  we  can  actually  see 
what  happens  to  the  hidden  organs  diuing  sleep.  All  these  methods 
of  observing  have  resulted  in  establishing  certain  data  that  I  will 
briefly  review. 

Digestion  goes  on  effectively  during  sleep.  The  evening  meal  is 
digested  during  the  night.  The  midday  meal,  especially  when  it  is 
heavy,  causes  drowsiness  in  some  persons.  The  proof  that  digestion 
is  active  in  the  night  is  the  fact  that  waste  is  generally  accumulated 
in  the  morning.  Furthermore,  in  the  case  of  persons  who  have  died 
during  the  night  the  autopsy  shows  that  digestion  is  further  advanced 
the  longer  the  period  intervening  between  the  last  meal  and  death; 
from  this  fact  the  probable  time  of  death  has  been  indicated  at 
coroner's  inquests.  The  activity  of  the  stomach  indicates  the  cause  of 
the  ansemia  of  the  brain  which  induces  sleep.  To  the  hygienist 
digestion  during  sleep  solves  the  problem  of  determining  whetiier  it  is 
better  to  go  to  bed  immediately  after  a  repast  or  to  wait  several 
hours  until  digestion  has  commenced. 

Excretory  functions  continue  during  sleep.  It  is  a  well-known 
fact  that  perspiration  is  then  active  and  that  the  bladder  is  fuU  ib 
the  morning.    The  heat  of  the  bed  may  be  a  partial  cause  of  perq>ira- 
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tion;  still,  the  perspiration  is  then  profuse,  and  Sanctorius  states  that 
one  perspires  as  much  during  7  hours  of  sleep  as  in  14  hours  when 
awake.  The  kidneys  are  active  at  night  and  the  mine  in  the  morning 
is  generally  denser  than  in  the  daytime.  According  to  M.  Bouchard, 
who  studied  the  effect  of  minal  poisons  by  injecting  them  into  ani- 
mals, those  formed  during  sleep  are  convulsive  and  those  formed  when 
awake  are  narcotic.  By  their  mixture  much  of  the  poisonous  effect 
is  lost. 

.  Respiration  is  modified  during  sleep.  It  is  easy  to  observe  this  in 
the  case  of  those  who  snore,  although  the  cause  of  snoring  is  little 
known.  Generally  the  respiration  is  retarded  during  sleep,  being 
deeper  and  more  regular.  In  order  to  study  this  carefully,  Mosso 
appUed  to  his  chest  a  pnemnograph,  which  indicated  the  respiratory 
loovements  during  sleep  as  well  as  when  awake,  and  he  established 
the  fact  that  the  inspirations  are  longer  and  the  expirations  shorter; 
the  thoracic  movements  are  greater  than  the  abdominal  ones;  the 
rhythm  i3  modified  and  from  time  to  time  the  inspirations  are  replaced 
by  distinct  series,  by  pauses,  or  by  more  feeble  respirations.  Respira- 
tory changes  have  been  studied  thoroughly  by  Pettenkof er  and  Voit, 
who  used  for  that  purpose  a  chamber  of  12  cubic  meters  capacity 
made  of  sheet  iron,  in  which  a  man  could  remain  for  several  days, 
as  the  ventilation  was  r^ulated  by  two  suction  pumps.  The  atmos- 
phere was  analyzed  as  it  came  from  the  room  and  the  amount  of 
carbon  dioxide  eliminated  was  found  to  be  less  during  sleep.  St. 
Martin,  who  made  his  experiments  on  a  turtledove,  reached  the  same 
conclusion.  This  diminution  of  the  amount  of  carbon  dioxide  exhaled 
may  be  due  simply  to  cerebral  repose  in  the  absence  of  any  muscular 
action,  or  to  other  causes.  M.  Raphad  Dubois  has  held  the  theory 
^that  the  decreased  exhalation  of  carbon  dioxide  is  in  proportion  to 
an  accumulation  of  the  gas  in  the  blood,  which  acts  as  an  anesthetic 
up  to  a  certain  point,  and  then  excites  the  centers  of  wakefulness. 
'The  body  temperature  generally  decreases  dining  sleep.  Marie  de 
Manacle  has  observed  that  it  falls  as  low  as  36.45^  C.  during  the 
sunmier  and  to  36.05°  C.  dining  winter,  the  lowest  temperature 
occurring  between  midnight  and  3  o'clock  in  the  morning.  The 
temperature  of  the  brain  also  diminishes  equally,  according  to  observa- 
tions by  Mosso,  which  wiU  have  our  attention  presently. 

The  heart  action  is  retarded  during  sleep.  Former  investigators 
discovered  this  by  observing  the  pulse,  and  more  recently  this  has 
been  confirmed  by  definite  experiments.  Mosso,  by  the  use  of 
suitable  instruments,  was  able  to  register  the  pulse  in  the  forearm, 
the  leg,  and  the  brain.  Francois  Franck  observed  that  the  contrac- 
tions become  weaker  and  the  interval  between  heart  beat  and  pulse 
l>eat  is  greater  than  when  awake;  the  arterial  pressure  diminishes, 
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to  increase  rapidly  on  awaking.  Brush  and  Fayerweather  observed  a 
lowering  of  the  pressure  during  the  first  five  hours  of  sleep,  followed 
by  an  increase  up  to  the  time  of  waking. 

Externally  you  find  at  the  approach  of  sleep,  effects  of  a  slackening 
of  the  circulation;  sometimes  the  surface  of  the  body  becomes  con- 
gested; indicating  the  need  of  a  loosening  of  the  clothing.    Mosso,  ihm 
Francis  Franck,  measured  this  expansion  of  the  bloo(^  vessels  near 
the  surface,  and  Howell,  then  Lehmann,  observed  that  it  increases 
until  the  second  hour  of  sleep,  then  diminishes  until  awaking.    It 
has  been  possible  to  note  the  conditions  of  the  circulation  in  the 
brain  in  subjects  who  have  lost  part  of  the  skull,  or  on  very  young 
infants  whose  skull  bones  have  not  yet  united.    The  first  to  make 
this  observation  was  Blumenbach  in  1795.     He  had  occasion  to  exam- 
ine a  young  man  18  years  old,  who  before  the  age  of  5  had  fallen 
upon  his  forehead,  sustaining  a  fracture  of  the  skull,  causing  loss  of  part 
of  the  bone.    When  Blumenbach  saw  it  the  wound  was  healed,  but 
one  could  feel  an  opening  underneath;  this  was  depressed  during 
sleep,  diminishing  when  awake,  and  replaced  by  a  bump  during  a 
strain.    Blumenbach  concluded  from  this  that  there  is  less  blood  in 
the  brain  dining  sleep.    Ihirham  made  these  observations  on  some 
animals  that  were  trepanned  and  chloroformed,  and  he  noticed  that 
the  arteries  as  well  as  the  veins  were  less  swollen  during  sleep.    Ham- 
mond confirmed  these  conclusions,  and  even  before  Durham,  he  had 
watched  a  man  whose  brain  was  laid  bare  by  a  railroad  accident, 
and  he  saw  the  pressure  of  the  brain  diminish  during  sleep  and  rise 
up  when  the  man  awoke.     He  foimd  the  same  condition  in  young 
infants.    But  the  accuracy  of  these  observations  was  doubtod  and 
was  disputed  by  various  writers,  and  it  was  only  the  registering 
experiments  made  by  Mosso,  Francis   Franck,    and  Salath6  that 
settled  the  question.    Salath6  held  that  the  fontanels  of  young  infants 
beat  more  strongly  during  sleep,  indicating  a  diminution  of  pressure 
within  the  skull.     Francois  Franck,  in  the  case  of  an  invalid  stricken 
with  necrosis  of  the  right  parietal  bone,  observed  the  same  move- 
ments of  the  brain  and  the  same  diminution  of  pressure.    Mosso  at 
last  registered  in  several  cases  where  the  brain  was  accessible  the 
movements  which  take  place  during  sleep;  the  pulse,  r^ular  and 
uniform,  was  not  so  high  as  during  wakefulness.    Furthermore, 
Brodmann  has  added  to  these  observations  that  the  act  of  going  to 
sleep  is  characterized  by  a  sudden  increase  in  the  volume  of  the 
brain,  and  waking  up  by  a  diminution  in  its  size. 

These  statements  concerning  ansemia  of  the  brain  and  expansion 
of  the  blood  vessels  of  the  extremities  during  sleep  has  led  c^rtsdn 
writers  to  seek  here  an  explanation  for  sleep.  Five  hundred  years 
before  Christ,  Alcmfion  of  Crotone  said :  * '  Sleep  comes  from  a  floviring 
back  of  the  blood  into  the  veins,  and  waking  up  is  caused  by  its 
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retraction;  if  the  blood  retracts  completely  it  means  death/'  More 
recently  many  have  likewise  held  that  sleep  is  due  to  cerebral  anaemia. 
It  is  true  others  have  presented  a  contrary  hypothesis,  namely,  that 
sleep  is  due  to  an  influx  of  blood  to  the  brain,  while  others  still,  dis- 
countenancing these  contradictory  statements  or  basing  their  opin- 
ions upon  other  experiments,  have  reached  the  conclusion,  which 
seems  to  be  the  best,  that  neither  sleep  nor  wakefulness  depend  upon 
cerebral  circulation. 

Sensibility  is  preserved  during  sleep,  since  we  can  then  hear,  feel, 
and  smell.  The  working  of  the  sense  oi^ans  seems,  however,  to  be 
modified.  The  eyes  are  generally  shut  tight;  the  tears  less  abundant, 
and  by  this  diminution  of  lachrymal  secretion  is  explained  the  pricking 
sensation  which  precedes  the  desire  to  sleep.  Under  the  closed  eyelids 
the  eyes  are  directed  upward  and  diverge,  according  to  certain 
writers;  and  the  pupils  are  contracted,  being  dilated  again  just  at 
the  moment  of  awaking.  The  sensitiveness  of  other  sense  organs  is 
diminished,  but  it  is  hard  to  tell  whether  this  reduction  is  due  to  the 
organs  themselves  or  to  the  quieting  of  the  nerve  centers. 

The  muscles  are  generally  relaxed.  One  may  move  very  frequentiy 
while  asleep,  and  we  have  read  of  persons  sleeping  on  horseback  or 
while  walking,  by  which  certain  muscles  are  necessarily  contracted. 
Galien,  who  heard  such  a  statement  made  not  long  since,  put  no  faith 
in  it;  but  he  was  compelled  to  beUeve  it  when  one  night  that  he  was 
obliged  to  walk  constantly  he  fell  asleep,  and  while  going  the  distance 
of  a  furlong  was  distracted  by  a  dream.  The  nerve  centers  also 
undergo  modifications.  The  reflex  movements  dependent  upon  them 
increase  a  Httle  before  sleep,  diminish,  then  disappear.  So  the  subject 
who  falls  asleep  and  is  tickled  by  merely  touching  the  nose,  hand,  or 
foot  responds  less  and  less  to  these  irritations  and  reacts  only  to  those 
that  are  made  more  and  more  intense. 

The  cells  of  the  nerve  centers  of  animals  killed  while  awake  or  asleep 
have  likewise  been  examined  to  ascertain  if  the  cells  present  any  vari- 
ations in  appearance,  and  if  the  difference  noted  can  be  considered  a 
histological  cause  of  sleep.  Stefanowska  observed  nothing  in  the  case 
of  sleeping  mice,  which  was  not  astonishing,  for  in  killing  them  they 
woke  up.  But  others  have  beUeved  they  could  discern  something, 
and  Mathias  Duval  has  explained  sleep  as  well  as  all  other  cerebral 
phenomena,  by  an  ingenious  hypothesis,  which  though  without 
foundation  has  had  the  good  fortime  to  rapidly  become  classic  on 
account  of  its  simplicity,  and  of  which  you  have  surely  been  informed. 
The  nerve  cells  lengthen  or  contract  and  so  permit  or  prevent  com- 
munications between  the  centers;  sleep  would  be  simply  due  to  their 
contraction. 

Such  are  the  physiological  phenomena  that  have  been  observed 
when  man  is  asleep.    The  simple  observation  of  slumber  has  enabled 
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US  to  examine  its  definitions,  and  actual  experiments  permit  a  dis- 
cussion of  the  theories  which  aim  to  e3q>lain  it. 

What  causes  sleep!  Why  do  we  sleep)  An  answer  is  difl&cult 
when  we  consider  all  the  phenomena  that  we  shall  enumerate.  If 
you  aim  to  be  precise  there  is  great  risk  of  being  either  inexact  or 
incomplete,  and  on  the  other  hand  if  you  wish  to  make  your  statemoit 
general  it  will  probably  lack  precision. 

I  hope  that  what  I  have  pointed  out  may  indicate  the  difficulties 
involved  in  an  explanation  of  this  phenomenon.  To  one  who  has 
observed  and  reflected  but  little,  the  explanation  is  very  simple,  for 
he  easily  imagines  that  such  and  such  a  cause  induces  sle^.  But 
when  the  observations  are  accumulated,  since  their  examination 
requires  a  careful  study  of  all  their  phases,  then  the  answer  to  the 
problem  becomes  difficult,  and  one  is  never  certain  of  solving  it,  even 
after  long  research.  It  is  in  this  spirit  that  I  would  like  to  have  you 
listen  to  the  conclusion  of  this  lecture.  The  inconsistency  existing 
between  learned  men  sometimes  brings  a  smile  to  the  lips  of  those  who 
do  not  understand  all  the  difficulties  of  their  work;  but  it  is  due  only 
to  their  desire  for  the  truth,  to  their  thirst  for  progress,  and  I  beg  of 
you  to  consider  the  theories  that  I  am  about  to  propound  to  you  with 
good  will  and  sympathy. 

Let  us  consider,  then,  the  various  explanations  that  have  been 
given  for  sleep. 

Some  early  writers  thought  that  sleep  depends  on  a  flow  of  blood  to 
the  brain  resulting  from  a  recumbent  position;  but  we  have  seen  that 
the  brain  contains  less  blood  during  sleep,  and  we  know  besides  that  a 
person  can  lie  down  for  a  long  time  without  sleeping.  That  theory, 
therefore^  antedating  the  experiments,  has  no  longer  any  interest 
other  than  one  of  curiosity.  Repeated  observations  on  the  deplace- 
ment  of  the  blood  pressure  from  the  brain  to  the  extremities  during 
sleep  gave  basis  for  the  thought  that  sleep  is  due  to  cerebral  ansemia. 
The  diminution  of  the  quantity  of  blood  in  the  brain  produces  sleep 
by  various  mechanical  actions.  If,  then,  the  brain  fails  to  receive 
enough  nourishment  or  if  the  waste  be  not  quickly  enough  removed, 
the  cerebral  cells  will  cease  to  work  either  from  anasmia  or  from  intoxi- 
cation. But  other  writers  have  criticised  these  hypotheses.  Brod- 
mann,  as  we  have  said,  observed  an  increase  of  blood  pressure  at  the 
moment  of  going  to  sleep  and,  still  further,  he  could  not  establish  the 
relation  between  the  circulation  in  the  brain  and  that  of  the  extremi- 
ties which  forms  the  basis  of  these  interpretations.  Yulpian  and 
Brown-Sequard  have  already  stated  that  the  experiments  which  pro- 
duce either  a  great  anaemia  or  a  great  rush  of  blood  to  the  brain  do  not 
induce  sleep.  And  Richet  adds  to  the  words  of  these  critics  that  the 
variations  of  pressure  due  to  waking  up  or  to  going  to  sleep' are  much 
less  than  those  due  to  the  position  of  ^e  head,  as  shown  by  observa- 
tions on  pigeons. 
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Modifications  of  the  blood  and  of  the  lymph  have  lil^ewise  been  con- 
sidered as  causes  of  sleep.  The  blood,  becoming  more  viscous  and 
thicker,  renders  the  working  of  the  brain  more  difficult  or  dries  up  the 
nerve  cells.  TTien,  again,  the  lymph  increases  by  drawing  water  from 
the  cells.  Devaux,  who  held  this  last  hypothesis,  justifies  it  by  the 
observation  that  the  eyelids  and  the  skin  of  the  face  are  swollen  after  a 
heavy  and  prolonged  sleep.  Unfortimately,  experiment  proves  that 
there  is  no  relation  whatever  between  the  need  of  sleep  and  the  condi- 
tion of  the  blood. 

.  Besides  these  circulatory  theories  there  are  others  which  explain 
sleep  by  nerve-phenomena.  Sleep  might  be  due  to  an  interruption 
of  conmiunication  between  the  hemispheres  of  the  brain  and  the  rest 
of  the  nervous  system.  Or  it  could  be  caused  by  the  interruption  of 
the  contact  of  the  nerve  cells,  as  we  have  already  shown.  Unfortu- 
nately, these  theories  lack  experimental  justification. 

The  idea  of  explaining  sleep  by  inhibition,  that  is,  by  a  function  of 
arrest  of  the  nerve  centers,  has  mislead  many  physiologists.  In  its 
most  complete  form,  as  held  by  Forel  and  Oskar  Vogt,  this  theory 
could  be  explained  as  follows:  Sleep  is  an  inhibition  produced  by  a 
cerebral  anaemia  consecutive  to  the  excitation  of  the  vaso-motor  cen- 
ters by  certain  factors  such  as  the  sight  of  the  bed,  by  the  coming  of 
night,  etc.,  or  by  a  feeling  of  heaviness  in  the  brain. 

Again,  some  writers  have  attributed  sleep  to  the  absence  of  external 
exciting  causes,  basing  the  theory  on  observations  of  invalids  under 
the  control  of  general  anesthesia  who  go  to  sleep  as  soon  as  their  eyes 
are  closed  and  their  ears  stopped.  Unfortunately,  these  patients  are 
in  such  a  nervous  condition  that  their  sleep  is  not  normal.  And 
although  silence  and  perfect  quiet  favor  sleep,  yet  we  have  already 
seen  that  one  can  sleep  in  broad  daylight  in  spite  of  noise,  dapardde 
has  made  a  keen  and  striking  criticism  of  these  circulatory  or  nervous 
hypotheses.     He  says: 

We  will  confine  our  remarks  to  the  following:  First,  the  hypotheses  mentioned  are 
fax  from  resting  upon  definite  ^ts;  many  of  them  contradict  one  another;  second » the 
supposed  phenomena,  were  they  real,  mig^t  just  as  well  be  the  results  as  the  causes  of 
sleep;  and  finaUy,  the  claim  that  tnese  phenomena  cause  sleep,  are  the  why  and  where- 
fore of  its  mechanism,  remains  problematical.  Why  that  periodic  anaemia  or  hyper- 
femia?  Why  that  retraction  of  the  nerve  cells?  Why  that  restraint,  that  unrespon- 
siveness to  external  stimulation?  The  hypotheses  presented  only  help  to  put  off  the 
solution  of  the  problem. 

There  are  also  other  theories  concerning  sleep  which  explain  it 
from  a  chemical  standpoint.  According  to  these,  we  sleep  because  we 
are  tired  and  because  our  nervous  system  is  exhausted,  in  order  to 
recuperate  our  energy.  During  sleep,  our  bodies  are  like ' '  a  clock  that 
has  stopped  while  the  weights  are  raised  again,"  or  "Uke  an  engine 
when  the  fires  are  out  and  the  firemen  are  renewing  them,"  etc. 
These  chemical  theories  contain  a  great  deal  of  truth,  and,  with 
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good  reason;  they  have  been  generally  adopted.  In  reality,  theee 
theories  are  of  two  kinds.  Just  as  the  engine  stops,  either  from 
lack  of  fuel  or  from  an  accumulation  of  ashes,  so  the  organism  may 
plunge  into  sleep  either  because  the  materials  necessary  for  bram 
activity  are  exhausted,  or  because  the  waste  material,  generally  toxic, 
is  in  too  great  a  quantity. 

Among  the  substances  necessaiy  to  the  working  of  the  nerve  cen- 
ters there  are'  two  whose  values  are  now  well  known,  oxygen  and  chro- 
matophile.  The  nerve  centers  in  action  consume  considerable  quan- 
tities of  oxygen,  and  we  may  therefore  suppose  that  sleep  is  due  to  a 
lack  of  sufficient  oxygen  in  the  brain,  and  that  it  collects  in  reserve  a 
supply  of  gas  necessary  for  the  coming  awakening.  This  is  the  theoiy 
held  by  Sommer  and  Pfluger,  relying  upon  the  researches  on  respi- 
ratory interchanges  made  by  Pettenkoffer  and  Voit.  The  other  sub- 
stance necessary  to  the  building  up  of  the  nerve  cells,  which  accumu- 
lates during  sleep,  disappearing  after  prolonged  activity,  is  that  which 
Nissl  discovered  in  nearly  all  the  nerve  cells  and  which  is  named 
chromatophile  on  account  of  its  ability  to  give  color  easily.  We  might 
therefore  explain  sleep  by  the  deterioration  of  chromatophile.  That 
explanation  was  made  by  Daddi  after  having  noted  the  disappearance 
of  chromatophile  during  a  case  of  prolonged  insomnia. 

But  though  the  nerve  centers  contain  substances  indispensable  to 
their  working,  they  also  produce  during  their  activity  certain  waste 
substances,  just  as  the  stove  ready  to  be  lighted  is  full  of  fuel,  then 
when  it  is  lighted  produces  ashes  that  accmnulate  and  diminiah  the 
draft.  What  is  the  *'  ashes ''  of  the  nervous  system  ?  It  is  a  product 
of  disassimilation  well  known  for  a  long  time;  it  is  that  which  leaves 
the  lungs  when  oxygen  enters,  the  chemical  carbon  dioxide,  commonly 
called  carbonic-acid  gas.  M.  Eapha^l  Dubois  has  considered  it  the 
cause  of  sleep.  To  tell  the  truth,  he  studied  only  the  hibernal  sleep 
of  the  marmot,  and  he  concluded  that  a  sleep  through  an  entire  wintw 
is  the  same  as  daily  sleep.  We  may  ask  whether  this  comparison  is 
justifiable.  Furthermore,  according  to  M.  Dubois,  sleep  is  not  a 
recuperation;  we  sleep  because  the  carbon  dioxide  has  accumulated 
in  the  blood,  but,  during  sleep,  the  gas  continues  to  accumulate  until 
it  is  strong  enough  to  excite  the  nerve  centers  to  wake  up. 

Besides  the  carbon  dioxide,  there  are  other  less-known  wastes  from 
nerve  action.  These  wastes,  which  have  been  called  ''fatigue  toxins" 
(which  generate  sleep)  and  which  Moliftre  would  certainly  have  named 
"dormitive  virtues,"  have  also  been  considered  as  causes  of  sleep. 
Obersteiner  thinks  that  these  toxins  consist  principally  of  lactic  acid; 
Preyer  believes  them  easily  oxidizable;  Bing  claims  that  they  act 
chiefly  in  preventing  oxidation;  Errera  and  Bouchard  believe  them 
more  or  less  analogous  to  the  leucomaines;  Lahuson  thinks  that  they 
are  autointoxicating  narcotics.  But  these  are  merely  hypotheses 
based  on  experiments  as  yet  insufficient  to  prove  their  accuracy. 
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All  these  chemical  theories  of  exhaustion  or  of  intoxication  are  cer- 
tainly more  important  than  those  we  previously  considered.  They 
are  in  accord  with  the  observation  pure  and  simple  that  fatigue  gen- 
erally induces  sleep  and  that  sleep  is  a  recuperator.  They  render 
intelligible  the  alternating  between  wakefulness  and  sleep.  They  are 
also  the  best-known  theories  and  the  ones  generally  adopted.  Clapa- 
rfide,  however,  who  has  examined  these  theories,  objects  to  them  as 
insufficient,  and  argues  against  them  as  follows:  Mrst,  there  is  no 
parallehsm  between  exhaustion  and  sleep;  one  can  sleep  without  being 
tired;  great  fatigue  may  disturb  sleep.  Second,  according  to  the 
cheixdcal  theories,  the  alternation  of  waking  and  sleeping  might 
assmne  a  type  of  periodicity  with  short  phases.    Clapardde  says: 

Here  is  an  individual  who  goee  to  sleep  at  midnight;  at  10  minutes  before  midnight 
he  was— M.  de  la  Palice  can  not  dispute  it-Hstill  wide  awake.  Why  was  he  not  asleep 
at  10  minutes  before  midnight?  Our  physiologists  say  it  was  because  the  toxic  waste 
products  had  not  then  become  sufficiently  concentrated.  But  then  why  does  not  this 
same  individual  awaken  at  10  minutes  or  quarter  past  midnight  since,  if  sleep  stops 
the  accumulation  of  the  toxic  wastes  without  restricting  their  elimination,  their  rela- 
tive proportion  in  the  system  would  then  return  to  what  it  was  at  10  minutes  before 
midnight;  that  is,  to  a  proportion  &kvorable  to  awaking. 

Third,  the  toxic  theory  of  sleep  is  antiphysiological,  for  it  is  sin- 
gular that  a  process  of  intoxication  severe  enough  to  necessitate 
eight  hours  of  sleep  should  be  repeated  daily  without  at  last  causing 
serious  disorders.  Finally,  all  the  facts  that  have  come  under  our 
observation  in  regard  to  sleep — ^voluntary  or  involuntary  drowsiness, 
voluntary  wakefulness,  and  the  like — are  not  explainable  by  a  chemi- 
cal theory,  no  more  than  are  other  multiple  forms  of  sleep,  than  the 
physiological  phenomena  that  accompany  it,  nor  the  dreams.  An 
observation  of  Vaschide  and  Vurpas  on  the  Siamese  twins  shows  well 
the  weakness  of  the  chemical  theories  of  sleep;  in  fact,  these  twins, 
whose  blood  vessels  communicate,  often  sleep  or  wake  one  after  the 
other  and  one  could  sleep  while  the  other  suffered  from  insomnia. 

In  a  general  way,  all  physiological  theories  of  sleep  fail  to  success- 
fully explain  it,  for  none  of  them  can  take  account  of  the  psychological 
phenomena  which  accompany  it.  We  have  seen  that  a  person 
sleeps  or  stays  awake  voluntarily  or  from  habit,  a  condition  that  is 
not  within  the  province  of  the  physiologist  either  to  study  or  to 
explain. 

Gapardde,  who  has  so  well  observed  the  impossibility  of  a  physi- 
ological solution,  alone  has  sought  to  explain  it  by  a  theory  both 
psychological  and  physiological,  which  he  has  called  the  "biological" 
theory  of  sleep.  This  biological  theory  is  most  interesting  and  ingen- 
ious. It  merits  a  place  by  itself  and  will  hold  our  attention  for  a 
time.  According  to  Qaparfede,  sleep  is  not  merely  a  passive,  negative 
condition,  a  cessation  of  the  organic  functions.  On  the  contrary,  it 
is  itself  a  function,  a  positive  activity,  having  its  own  biological 
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aignificanee.    One  goes  to  sleep  before  the  mom^it  of  complete 
exhaustion  and  in  order  to  prevent  it.     Sle^  is  a  funetion  for  the 
defense  of  the  organism;  and  we  hare  the  desire  to  sleep  before  f eding 
an  overpowering  need  of  it,  just  as  we  are  hungiy  and  tliirsty  before 
there  is  an  imperative  necessity  for  eating  and  drinking,  just  as 
the  swallow  migrates  before  it  is  overcome  by  the  cold,  as  a  bird 
builds  its  nest  before  the  time  for  laying  its  eggs.    All  these  instinctive 
acts,  all  these  instincts,  begin  before  there  is  an  absolute  necessity. 
This  conception  of  sleep  as  an  active  instinct  preceding  exhaustion 
changes  the  question  entirely.    Seep  is  no  longer  a  categoiical 
positive  necessity,  but  it  becomes  a  very  pliable,  modifiaUe  act. 
like  all  instincts,  it  is  regulated  by  the  law  of  momentary  interest 
We  sleep  if  our  interest  in  slumber  is  the  greatest  at  a  given  moment; 
but  we  coidd  ward  off  sleep  if  some  other  instinct  should  predominate. 
This  pliability  of  instinct  enables  us  to  understand  the  variations  of 
sleep,  the  various  causes  of  drowsiness  and  awaking.     It  enables  us 
to  understand  dreams.    The  theory  of  QaparMe  has  therefore  a 
great  advantage  over  all  the  others,  since  it  alone  can  be  applied  to 
all  the  vafied  forms  of  sleep.    Further,  it  does  not  exclude  physio- 
logical theories,  since  it  can  accept  them  as  stimuli  of  the  sleep 
instinct.    Inhibition,  the  fatigue-producing  substances,  the  sensa- 
tions of  fatigue,  and  the  like,  become  the  causes  of  the  interest  that 
we  take,  at  a  given  moment,  in  going  to  sleep. 

But  Claparftde's  theory  reaches  beyond  the  sphere  of  pure  physi- 
ology into  that  of  psychology.  Nevertheless,  it  offers  a  new  field  of 
activity  for  the  physiologist,  who,  reUeved  from  the  anxiety  of  seaixJi- 
ing  for  a  con^lete  explanation  for  sleep,  need  no  longer  be  deterred 
by  the  inadequacy  of  his  own  theories,  but  may  seek  to  complete  and 
state  precisely  those  parts  of  the  bicdogical  theory  of  QaparMe  that 
pertains  to  his  own  pecuUar  sphere  as  a  physiologist  and  are  not 
yet  solved.  Sleep  is  an  instinct  of  defense,  but  defense  against  what ! 
This  instinct  is  brought  into  play  by  various  stimuli,  but  which  of 
these  are  physiological  *  We  shall  not  inquire  further  as  to  why  we 
sleep,  nor  as  to  what  it  is  that  makes  us  sleep,  but  ask  what  does 
sleep  protect  against!    What  is  it  that  gives  us  a  desire  to  sleep! 

My  friend  Pifiron,  lecturer  at  FEcole  des  Hautee-Studes,  has 
asked  himself  these  questions,  and  has  wished  very  much  that  I 
would  help  him  to  answer  them.  For  six  years  we  have  been  making 
numerous  experiments  to  try  to  solve  ihe  problem,  and  it  is  the 
actual  result  of  our  researches  that  I  would  like  to  explain  to  you 
in  concluding  this  lecture. 

Sleep  is  an  instinct  that  obejrs  a  law  of  momentary  interest,  and 
there  is  very  little  hope  of  findhig  a  physiological  cause  for  its  being 
brought  into  play.  This  explains  why  the  physiological  phenomena 
which  accompany  sleep  are  often  not  constant,  why  we  can  not 
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consider  them  as  the  causes  of 'sleep,  and,  m  fact,  they  appear  very 
often  to  be  the  consequences  rather  than  the  causes. 

But  sleep  is  an  instinct  of  defense,  of  protection.  Agamst  what 
does  it  protect?  Will  not  the  suppression  of  sleep,  insomnia,  show 
us  the  reason  for  that  instinct,  by  exaggerating  its  causes;  may  we 
/lot  the  better  see  what  belongs  to  the  domain  of  physiology  ?  We 
have  been  led  to  keep  animals  awake  so  as  to  study  what  happens 
to  them  und^  these  conditions.  The  first  difficulty  was  to  prolong 
wakefulness  with  the  least  fatigue;  in  fact,  the  effects  of  fatigue 
might  hide  or  disturb  Uie  very  conditions  that  we  may  wish  to  study. 
Various  experiments  with  severe  and  prolonged  woik,  such  as  observa- 
tions of  deer  driven  at  the  course,  have  enabled  us  to  distinguish  the 
effects  of  fatigue  from  those  of  insomnia;  and  we  have  succeeded  in 
preventing  some  dogs  from  sleeping  while  tiring  them  as  Uttle  as 
possible. 

Even  under  these  conditions  prolonged  loss  of  sleep  is  always  very 
serious,  and  after  about  10  days  the  animals  have  generally  reached 
the  limit  of  resistance.  During  the  entire  period  of  this  wakefulness 
the  need  of  sleep  becomes  more  and  more  imperative,  and  one  can 
see  among  the  seeming  physiological  factors  of  sleep  those  which  tend 
to  increase  it  and  effect  the  need  of  sleep  and  those  which  do  not  dis- 
turb sleep  and  consequently  can  not  be  considered  as  its  causes.  The 
temperature  of  the  body  remains  normal,  the  respiration  undergoes 
no  variation,  and  the  amount  of  carbon  dioxide  in  the  blood  does  not 
increase,  which  enables  us  to  exclude  the  theories  of  the  impoverish- 
ment of  the  blood  in  oxygen  and  its  enrichment  in  carbon  dioxide  as 
actual  causes  of  sleep.  Neither  the  blood  nor  the  brain  lose  their 
portion  of  water,  and  this  fact  combats  the  theories  that  explain  sleep 
by  dehydration.  Toward  the  tenth  day  the  animal  can  no  longer 
keep  its  eyes  open;  its  paws  are  continually  bending,  it  has  lost  all 
sensorial  activity  and  only  the  strongest  kind  of  stimulation  will 
induce  reaction.  At  this  moment  the  brain  shows  cellular  disturb- 
ance, localized  exclusively  in  the  frontal  lobe,  such  as  could  not  have 
been  brought  on  by  other  means,  and  which,  therefore,  seem  to  be 
characteristic  of  insomnia.  If  such  an  animal  is  left  to  sleep  at  will, 
he  plunges  into  a  deep  sleep  from  which  he  awakens  completely 
refreshed,  normal,  and  the  alterations  in  the  brain  have  then  disap- 
peared. 

Prolonged  wakefulness,  therefore,  is  thus  shown  to  bring  on  «n 
imperative  need  of  sleep  and  some  cdlular  modifications  in  the  frontal 
lobe  of  the  brain.  To  what  are  these  phenomena  duel  Is  it  to 
exhaustion  or  to  intoxication?  We  are  thus  brought  back  to  reex- 
amine some  of  the  chemical  theories  for  which  we  sought  to  find  an 
exi>erimental  basis. 
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If  the  need  of  sleep  is  due  to  an  accumiilation  of  toxic  waste  pro- 
ducts in  the  organism,  one  on^t  to  be  able,  by  injecting  these  sub- 
stances into  a  normal  animal,  to  communicate  the  necessity  for  sleep. 
Our  first  experiments  in  that  direction  were  unsuccessful    By 
injecting  into  a  vein  of  a  normal  dog  some  blood  or  serum  taken  from 
a  dog  exhausted  by  loss  of  sleep,  we  had  no  very  definite  results, 
although  in  some  cases  we  brought  on  some  modifications  of  the  eelb 
of  the  frontal  lobe,  and  by  injecting  these  same  substances  directly 
into  the  brain  we  were  no  more  successful.    Could  it,  therefore,  be 
concluded  that  wakefulness  is  not  accompanied  by  the  accumulation 
of  toxic  substances,  and  is  caused  only  by  the  impoverishment  of  the 
nerve  cells )    This  conclusion  was  possible,  but  it  might  equally  be 
the  case  that  the  blood  of  the  normal  animal  destroyed  the  substaucee 
injected  in  small  doses,  or  that  their  quantity  was  too  small.    To 
remove  this  last  doubt  we  made  our  injections  by  another  method. 
There  exists,  in  the  interior  and  around  the  nerve  centers,  a  Uquid 
called  the  cerebro-spinal  fluid,  which  completely  envelops  th^n. 
You  can  get  this  fluid  either  at  the  lower  end  of  the  spine,  and  is  there 
reached  by  lumbar  ptmcture,  and  in  spinal  anesthesia,  or  between  the 
occipital  bone  and  the  first  vertebra,  at  the  level  of  the  fourth  ven- 
tricle of  the  brain,  and  it  is  there  that  we  operated.    To  be  sure,  the 
operation  is  a  delicate  one,  but  it  can  be  performed  with  a  little 
practice.    By  observing  certain  necessary  precautions,  such  as  avoid- 
ing compression,  one  can  without  danger  or  trouble  make  injectioDS 
at  that  level.  The  serum,  or,  better  yet,  the  cerebro-spinal  fluid,  of  an 
animal  exhausted  by  loss  of  sleep,  if  injected  tmder  these  conditions 
into  a  normal  animal,  produces  in  the  latter  in  about  half  an  hour  an 
imperative  need  of  sleep.    The  animal  so  injected  is  benumbed  Utile 
by  little,  its  eyelids  blhik,  its  limbs  relax,  its*  eyes  close,  it  loses  all 
attention,  and  it  responds  but  feebly  to  strong  stimulation.     Its  brain 
presents  the  characteristic  lesions  of  insonmia.    The  injections,  under 
the  same  conditions,  of  liquids  from  a  normal  animal  have  no  efiect 
at  all.    You,  therefore,  may  conclude  from  these  experiments  that  it 
is  possible  to  transmit  the  absolute  need  of  sleep  from  an  exhausted 
animal  to  a  normal  one,  and  also  that  the  liquids  of  exhausted  animals 
have  a  property  or  contain  a  substance  capable  of  producing  sleep. 
If  it  is  indeed  a  substance,  do  you  ask  me  what  it  is)    I  can  not  yet 
tell  you.    It  is  that  very  research  which  is  at  the  present  moment 
occupying  our  attention. 

This  rapid  review  of  the  question  of  sleep  will  have  shown  you  that 
it  is  a  most  complex  problem.  I  would  wish  that  it  would  likewise 
give  you  the  impression  that  although  physiology  alone  can  not 
dream  of  solving  the  problem,  it  can  at  least  offer  a  profitable  contii- 
bution,  and  that  its  share,  when  it  is  contented  with  facts,  is  not  less 
than  the  contributions  of  other  sciences  that  are  busy  with  the  same 
problem. 
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By  Edwin  O.  Jordan, 
Pfofessor  of  Bacteriology  ^  University  of  Chicago. 


It  is  in  accord  with  the  spirit  of  this  congress  to  consider  public 
health  questions  either  from  the  point  of  view  of  things  already 
accomplished  by  the  application  of  the  scientific  method  or  from  that 
of  things  to  be  done.  I  have  chosen  to  speak  especially  of  ^ '  the  saving 
of  waste  and  increase  of  efficiency"  still  to  be  expected  when  public 
health  problems  are  approached  in  a  scientific  spirit. 

It  is  well  recognized  to-day  by  many  experts  that  while  some  of  the 
ordinary  activities  of  municipal  health  departments  are  of  imquestion- 
able  value  in  conserving  the  health  of  a  community^  others  are  rela- 
tively ineffective  or  possibly  worthless.  One  well-known  writer  *  has 
thus  expressed  himself  on  this  point: 

I  boldly  assert  that  if  every  case  of  communicable  disease  were  promptly  reported  to 
the  proper  local  board  of  health  and  as  promptly  placed  under  effective  sanitary  con- 
trol and  so  kept  imtil  danger  of  infection  had  passed,  all  the  other  present-day  activities 
of  boards  of  health,  whether  local,  State,  or  national,  with  the  exception  of  those 
directed  against  certain  causes  of  infant  mortality  and  the  possible  further  exception 
of  some  food  and  drug  inspection,  might  be  dropped  with  no  appreciable  effect  upon 
the  general  health  or  mortality  of  any  of  our  States  or  most  of  our  cities. 

In  all  fairness  it  must  be  admitted  that  a  part  of  the  energy  of 
almost  every  municipal  health  department  in  this  coxmtry  is  devoted 
to  combating  imaginary  dangers  or  applied  to  tasks  that  have  only  a 
remote  bearing  on  the  public  health. 

This  condition,  as  a-  rule,  is  not  due  to  ignorance  on  the  part  of 
health  officials,  but  to  the  pressiure  of  public  opinion.  Such  pressiu*e 
is  often  exerted  directly  through  legal  ordinances  passed  by  unin- 
formed l^islative  bodies,  but  sometimes  also  through  agitation  by 
mistaken  enthusiasts  or  through  other  channels  of  public  opinion. 

1  Paper  presented  before  the  Congress  of  Technology,  Boston,  Apr.  10, 1911,  to  commemorate  the  fiftieth 
Boniversary  of  the  granting  of  the  charter  to  the  Massachusetts  Institute  of  Technology.  Printed  in 
Science,  June  2, 1911.    Reprinted  by  permission. 

s  M.  N.  Balcer,chairman  committee  on  municipal  health  and  sanitation,  National  Municipal  League. 
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Back  of  the  whole  situation  is  the  existence  in  the  public  mind  of 
wrong  or  antiquated  conceptions  of  disease  and  the  causes  of  disease. 
It  was  unfortunate  in  many  respects  for  the  cause  of  public  health 
that  much  of  the  popular  interest  in  health  matters  was  evoked  before 
the  germ  theory  of  disease  and  its  corollaries  became  fully  developed. 
As  the  result  of  premature  generalization  the  pubHc  has  warmly 
espoused  a  number  of  wrong  conceptions  of  disease  and  of  ways  of 
preventing  disease.  To  be  specific,  two  instances  of  this  confusion  are 
found  in  the  demand  for  garbage  disposal  and  plumbing  inspecticm. 

Sanitarians  do  not  admit  that  even  a  grossly  improper  method  of 
garbage  disposal  can  have  much  to  do  with  the  spread  of  disease  in  a 
sewered  city  or  that  diphtheria  or  typhoid  fever,  or  any  other  disease, 
is  properly  attributable  to  the  entrance  of  sewer  air  into  dwelling 
houses.  So  firmly  embedded  in  public  belief,  however,  is  the  connec- 
tion of  piles  of  decaying  garbage  with  outbreaks  of  infectious  (fisease 
and  of  defective  plumbing  with  all  sorts  of  maladies  that  to  the  aver- 
age citizen  garbage  disposal  and  plumbing  inspection  bulk  large  as  the 
chief  if  not  the  only  activities  of  a  mimicipal  health  department. 

In  the  light  of  oiu*  present  knowledge  we  may  well  ask  what  are  the 
actual  dangers  to  health  from  these  two  sources?  It  is  now  well 
known  to  bacteriologists  that  disease  germs  do  not  breed  in  garbage 
heaps,  but  that,  on  the  contrary,  if  addea  from  outside,  they  speedily 
die  off.  The  offensive  odors  of  decomposition  may  be  unpleasant 
and  imdesirable;  there  is  no  evidence  that  they  produce  disease  or 
dispose  to  disease.  On  the  other  hand,  it  may  be  aiigued  that  the 
existence  of  heaps  of  decomposing  organic  matter  tends  to  mMnfAiTi 
or  create  general  habits  of  uncleanliness,  which  themselves  are  detri- 
mental in  a  roimdabout  way  to  the  health  of  a  community.  And 
again  it  is  known  that  the  house  fly  may  breed  in  garbage  piles,  par- 
ticularly if  horse  maniure  is  present,  and  that  imder  certain  conditions 
this  noxious  insect  may  become  the  bearer  of  disease  germs  to  food. 
But  when  the  worst  is  said  it  must  be  admitted  that  the  known  dang^ 
to  health  from  garbage  piles  and  dumps  is  relatively  insignificant 
compared  with  the  danger  from  other  well-known  but  less  popularly 
feared  sources.  Disease  does  not  originate  in  garbage  piles,  however 
offensive  they  may  be.  The  house  fly,  however  disgusting  and  annoy- 
ing its  habits,  suffers  from  no  disease  transmissible  to  man,  and  does 
not  convey  disease  unless  it  has  access  to  material  in  which  disease 
germs  are  present.  The  truth  is  that  garbage  disposal  in  large  cities 
is  more  a  matter  of  municipal  housekeeping  than  of  public  healUu 
Proper  methods  of  garbage  collection  and  destruction  must  be  urged 
rather  from  economic  and  esthetic  considerations  than  on  hygienic 
grounds.  There  are  of  course  certain  features  in  the  hA.nH|ing  of 
refuse  and  waste  that  need  hygienic  control  just  as  there  are  in  stoeet 
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cleaning,  but  the  problem  is  essentially  not  one  of  public  health.  At 
present  in  some  cities  the  department  of  health  is  burdened  with  the 
task  of  caring  for  the  city  waste,  and  its  success  or  f  ailiu*e  as  a  con- 
servator of  the  public  health  is  too  often  measured  by  the  frequency 
with  which  coal  ashes  are  scattered  in  alleys  or  the  length  of  time  that 
decaying  y^etable  matter  remains  in  tin  cans  in  hot  weather.  In 
some  cases  the  larger  part  of  the  annual  health  department  appro- 
priation must  be  expended  for  garbage  collection  and  disposal,  leaving 
only  a  pitifully  small  residue  for  other  needs.  To  mention  a  single 
instance,  the  collection  and  conservation  of  garbage  and  ashes  cost  the 
Minneapolis  health  department  in  1909  about  $57,000,  leaving 
approximately  $43,000  for  all  the  other  activities  of  a  health  depart- 
ment serving  a  city  of  over  300,000  inhabitants. 

One  thing  should  be  clearly  understood  by  municipal  authorities 
and  by  the  general  public,  that  regular  collection  and  cleanly  hand- 
Img  of  ashes  and  table  scraps  is  not  one  of  the  surest  and  most  profit- 
able WBLjs  of  protecting  health  and  preventing  disease.    Efficient 
administration  of  this  branch  of  pubUc  work  should  not  be  allowed 
to  take  the  place  of  measures  that  directly  affect  the  pubUc  health.* 
Few  dangers  to  health  have  loomed  larger  in  the  pubUc  eye  than 
that  from  sewer  gas.    Elaborate  and  amazingly  expensive  systems 
of  plumbing  are  required  by  law  to  be  installed  in  every  newly 
erected  dwelling  house  in  oiu*  large  American  cities.    Plumbing 
inspection  to-day  occupies  a  large  part  of  the  working  force  of  many 
municipal  health  departments.    In  Baltimore  in  1908,  to  cite  a 
single  instance,  this  work  was  carried  out  by  one  inspector  of  plmnb- 
ing,  seven  assistant  inspectors  of  plumbing,  and  one  draiil  inspector, 
at  a  total  salary  cost  of  $8,250,  or  about  one-tenth  of  the  total  salary 
appropriation  for  all  pubUc-health  work.    And  yet,  if  all  the  most 
recent  and  searching  investigations,  such  as  those  of  Winslow  and 
others  are  to  be  beheved,  the  actual  peril  to  health  involved  in  the 
entrance  of  small  quantities  of  sewer  air  into  houses  is  so  small  as  to 
be  practically  negligible.    It  may  be  questioned  whether  plumbing 
inspection,  as  ordinarily  conducted,  can  be  shown  to  save  a  single 
life  or  prevent  a  single  case  of  disease.    There  is  certainly  no  reason 
to  suppose  that  any  infectious  disease  is  due  to  germs  carried  in 
sewer  air.    It  might  reasonably  be  maintained  that  slightly  leaky 
gas  fixtures  are  a  much  mote  serious  menace  to  the  health  of  house 
dwellers  than  defective  plumbing.    At  all  events,  our  present  knowl- 
edge affords  small  justification  for  the  expenditure  of  pubUc  money 
to  insure  that  the  odor  of  peppermint  does  not  enter  our  houses 
when  oil  of  peppermint  is  designedly  introduced  into  the  house 

>  Anyone  who  ftmdes  that  to  depreciate  garbage  disposal  as  a  health  measure  is  flogging  a  dead  horse 
wUl  be  disabused  of  this  iminression  if  he  has  exi>erienoe  with  the  beginnings  of  a  typhoid  epidemic  and 
leaniB  how  often  pnblic  attention  is  diverted  from  significant  issaes  like  water  eaps^jp  milk  supply, 
and  oontaot,  by  H^peals  to  the  prejudice  against  slovenly  ways  of  handling  hannlesB  hoosdiold  refuse. 
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drains.  It  may  be  worth  while  for  the  housebuilder  to  satisfy  him- 
self of  the  character  of  the  plumbing,  as  of  the  character  of  the  mortar, 
but  compulsory  inspection  by  public  officials  is  hardly  warranted 
on  the  groimd  of  a  Ugh  degree  of  demonstrated  danger  to  the  public 
health.  It  is  certain,  too,  that  the  enforced  installation  of  immensely 
complicated  and  elaborate  piping  and  trapping  systems  simply  ad(k 
to  the  cost  of  building  without  any  compensating  hygienic  advan- 
tages. The  plumbing  ordinances  of  our  large  cities  often  contain 
inconsistencies  and  contradictions,  what  is  required  in  one  city 
being  sometimes  forbidden  in  another.  A  revision  and  simplifica- 
tion of  municipal  plumbing  regulations,  a  minimizing  of  official 
inspection,  and  especially  an  education  of  the  public  to  the  fact  that 
diphtheria,  typhoid  fever,  and  scarlet  fever  have  never  been  definitely 
traced  to  sewer  air  or  bad  plumbing  are  reform  measures  that  might 
release  a  considerable  sum  of  public  money  for  use  in  really  profitable 
lines  of  sanitary  endeavor. 

In  the  matter  of  heating  and  ventilation  enormous  sums  have 
been  spent  and  are  being  spent  to  renew  the  air  in  rooms  and 
pubUc  assembly  halls  and  to  introduce  pure  air  in  what  has  been 
assumed  to  be  necessary  amounts.    And  yet  if  the  work  of  Beu,* 
Heymann,  Paul,  Erclentz,  Fltigge,*  Leonard  Hill,  and  others  means 
anything,  it  demonstrates  that  the  whole  effect  from  bad  air  and 
crowded  rooms  is  due  to  heat  and  moisture  and  not  to  carbon  dioxide 
or  to  any  poisonous  excretions  in  expired  air.    When  all  the  effects 
of  crowd  poison  upon  a  group  of  individuals  in  an  experimentally 
sealed  chamber  can  be  eliminated  by  rapidly  whirling  electric  fans, 
it  is  useless  any  longer  to  look  upon  carbon  dioxide  as  a  measure  of 
danger.    If  we  recoginze  that  all  the  discomfort  from  breathing  air 
in  a  confined  space  is  due  to  a  disturbance  of  the  thermal  relations 
of  the  body,  the  problem  of  ventilation  becomes  very  different  from 
what  has  usually  been  supposed.    In  temperate  climates,  at   all 
events,  it  ought  to  be  much  simpler  to  provide  for  proper  heat  regula- 
tion of  the  body  than  to  warm  a  large  volume  of  outside  air  and 
introduce  it  into  a  building  continuously  or  at  stated  intervals.     It 
may  well  be  asked  whether  the  elaborate  legal  regulations  governing 
the  supply  of  air  and  the  cubic  feet  of  bedroom  space  have  a  real 
basis  in  scientfic  knowledge.    If  overheating,  moisture  content,  and 
stagnation  of  the  air  are  the  chief  things  ta  be  avoided,  may  this 
end  not  be  reached  more  effectively  and  lees  expensively  than  by 
present  methods  ? 

One  conspicuous  fimction  at  present  required  of  or  voluntarily 
exercised  by  health  departments  is  the  practice  of  terminal  disinfec- 
tion after  cases  of  infectious  disease.    This  has  come  to  play  a  large 

I  Zeitsobr.  Ujg,,  1883,  toI.  14,  p.  64.  *  Zeitaobr.  Hyg.,  1906,  vol.  40,  p.  863. 
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part  in  municipal  health  activities  and  is  responsible  for  an  important 
share  of  the  expense.  In  Boston,  for  example,  in  1909  about  one- 
tenth  of  the  annual  appropriation  was  expended  for  disinfection. 
One  of  the  most  experienced  New  England  city  health  officers  has 
recently  seriously  questioned  the  value  of  such  an  expenditure.* 
After  a  study  of  the  ratios  of  recurrences  in  certain  diseases  he  con- 
cludes that,  "both  theory  and  facts,  so  far  as  any  data  are  available, 
indicate  that  terminal  disinfection  after  diphtheria  and  scarlet  fever 
is  of  no  appreciable  value."  This  view  has  met  with  strong  support 
from  the  experience  of  a  number  of  English  health  officials,  even  if  it 
can  not  be  regarded  as  conclusively  proved.  Every  one  now  knows 
that  the  large  sums  of  money  spent  in  measures  of  disinfection 
directed  against  yellow  fever  gave  httle  return  in  added  safety.  We 
can  hardly  take  for  granted  that  any  process  of  combating  disease 
is  effectual  simply  because  it  is  customary  or  traditional.  It  is 
evident  that  the  whole  question  of  disinfection  needs  to  be  studied 
afresh  with  a  view  to  actual  efficacy.  It  is  not  a  subject  for  labora- 
tory experimentation  alone,  but  must  be  investigated  as  a  problem 
of  practical  public-health  administration. 

Other  instances  of  the  appUcation  of  energy  and  money  to  measiu*es 
apparently  of  slight  or  doubtful  value  might  be  cited,  but  those 
already  given  are  fairly  typical.  The  question  thit  should  be  asked 
in  every  case  is  not  whether  a  particular  measure  is  entirely  devoid 
of  value,  but  whether  it  is  the  most  effective  way  of  utilizing  available 
resources.  As  matters  now  stand,  there  are  a  number  of  unques- 
tionably valuable  measures  that  can  not  be  prosecuted  with  sufficient 
vigor  because  of  the  enforced  diversion  of  funds  into  othef  and  less- 
profitable  channels. 

Efficacious  measures  may  sometimes  be  distinguished  from  the 
fruitless  or  relatively  unprofitable  by  their  direct  and  immistakable 
outcome  in  the  saving  of  life  and  the  prevention  of  disease.  A  few 
illustrations  may  be  noted. 

The  importance  of  control  and  supervision  of  the  sources  of  pubhc 
water  supply  has  long  been  recognized,  but  the  importance  of  con- 
trolling the  quality  of  the  public  milk  supply,  although  frequently 
iirged  by  sanitarians,  is  not  always  appreciated.  At  the  present 
time  in  the  great  majority  of  American  cities  it  is  safe  to  say  that  for 
every  case  of  infectious  disease  due  to  drinking-water  ten  cases  are 
caused  by  infected  milk.  It  is  difficult  to  secure  adequate  funds  for 
the  sanitary  control  of  the  milk  supply.  By  sanitary  control  of  nulk 
is  meant  not  ^e  upholding  of  a  rigorous  standard  of  butter  fat  and 
total  soUds,  but  the  maintenance  of  proper  standards  of  cleanliness 
and  health  for  dairy  cows  and  especially  the  safeguarding  the  milk 

^WV       i    .  -1 ■■    •  ■ »■■■■> 

>  ChapiHy  Jour.  Am^t  PubJIo  Health  Assoc.,  X911,  vol.  1,  p.  32. 
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from  infection  during  coHection  and  transportation.    Under  some 
conditions  tiie  protection  of  tiie  consumer  against  milk-borne  infec- 
tion may  be  beet  brought  about  by  compulsory  pasteurization  of  that 
portion  of  the  milk  supply  which  can  not  otherwise  be  raised  to  proper 
standard.    Whatever  method  of  control  be  adopted,  it  is  certain 
that  any  genuine  improyement  in  tiie  character  of  a  milk  sup^y 
will  be  followed  in  the  long  run  by  a  lessening  in  the  amount  of 
typhoid  feyer,  diphtheria,  scarlet  feyer,  and  to  some  extent  tuber- 
culosis.   The  eariy  detection  of  a  single  case  of  typhoid  feyer  or 
scarlet  feyer  on  a  dairy  farm  may  be  the  means  not  only  of  preventing 
an  extensive  epid^nic,  but  of  avoiding  the  formation  of  scores  of  new 
foci  which  can  in  turn  serve  to  light  up  subsequent  cases  for  many 
years.    Proper  pasteurization  of  milk  has  been  followed  in  many 
cities,  as  in  Glasgow,  Liverpool,  and  London,  by  an  immediate  and 
material  reduction  in  the  amount  of  typhoid  fever.     Li  other  words, 
the  connection  betwe^i  an  expenditure  of  public  money  and  a  direct 
return  in  prevention  of  disease  can  be  more  clearly  demonstrated 
in  tiie  case  of  milk-supply  control  than  in  some  other  of  the  usual 
municipal  health  department  activities. 

The  question  whether  the  quality  of  a  city  milk  supply  can  be  more 
favorably  influenced  by  inspection  and  supervision  at  the  source,  or 
by  generally  enforced  and  controlled  pasteurization  is  one  upon 
which  there  is  still  some  difference  of  opinion  among  experts.  There 
is  littie  doubt,  however,  that  simply  as  a  matter  of  economy  of 
administration  much  is  to  be  said  at  present  in  favor  of  centrdized 
pasteurization  of  a  lai^e  portion  of  the  supply.  Viewed  as  a  method 
for  preventing  a  large  number  of  cases  of  infectious  disease  at  rela- 
tively small  expenditure  the  pasteurization  of  milk  certainly  ranks 
hi^  among  effective  health  measures. 

One  of  the  important  bacteriological  advances  of  the  last  few  years 
has  been  tiie  discovery  that  a  considerable  number  of  healthy  persons, 
convalescents,  or  others,  harbor  disease  germs  and  that  these  persons 
are  important  agents  in  spreading  disease.  The  detection  and 
proper  treatment  of  disease-germ  carriers,  particularly  in  the  more 
serious  diseases  and  before  or  in  the  early  stages  of  an  epidemic,  is 
now  recognized  as  an  important  although  difficult  task.  The  whole 
question  of  tiie  control  of  germ  carriers  is  one  that  needs  more  careful 
study  with  a  view  to  determining  the  actual  results  of  the  methods 
adopted.  From  this  point  of  view,  inspection  of  school  children, 
especially  at  the  beginning  of  the  school  year,  is  probably  to  be 
classed  as  a  highly  profitable  activity,  although  it  is  to  be  wished 
that  fuller  and  better-studied  statistics  were  available.  ' 

Inspection  of  school  children  is  highly  valuable,  also,  in  detecting 
various  common  congenital  or  acquired  defects.  If  the  defects  are 
remediable,  their  early  discovery  may  avoid  development  into  per- 

Digitized  by  CjOOQ  IC 


PUBUC  HEALTH   WOBK — JORDAN.  609 

manently  crippling  disorders.  In  other  cases  the  application  of  simple 
corrective  or  palliative  measures  may  greatly  increase  the  industrial 
efficiency  of  the  individuaL  If  the  defects  are  not  remediable, 
their  detection  will  at  all  events  prevent  the  choice  of  unsuitable 
occupations,  and  will  indicate  desirable  lines  of  education. 

In  rural  communities,  undoubtedly  one  of  the  simplest,  as  well  as 
most  important,  health  protective  measures  is  the  adoption,  under 
compulsion  if  need  be,  of  a  safeguarded  and  standardized  form  of 
barrel  privy.*  A  corollary  hardly  necessary  to  mention  is  the  total 
aboHtion  of  the  privy  in  aU  thickly  settled  towns.  For  lack  of  such 
regulations  soil  pollution  occurs,  the  house  fly  finds  an  opportunity 
to  transfer  disease  germs  from  excreta  to  food,  and  typhoid  fever  and 
hookworm  disease  become  constant  plagues  over  wide  regions. 

In  the  campaign  against  tuberculosis  it  is  perhaps  too  early  to 
evaluate  the  numerous  methods  that  have  been  proposed  for  lessening 
or  eradicating  this  disease,  but  it  is  already  evident  that  some  are  more 
directly  repaying  than  others  in  proportion  to  the  effort  involved. 
Among  the  methods  for  which  public  funds  are  legitimately  available 
none  is  more  promising  than  the  provision  of  sanatoria  for  advanced 
cases  of  consumption.  Newsholme  and  Koch  have  shown  that  the 
general  diminution  in  the  death  rate  from  tuberculosis  observed  in 
most  countries  in  recent  years  can  be  more  reasonably  attributed  to 
the  establishment  of  sanatoria-  than  to  any  other  factor,  and  that  in 
addition  to  its  humanitarian  advantages,  the  segregation  and  proper 
control  of  the  advanced  and  dangerously  infective  cases  is  one  of  the 
most  useful  methods  that  can  be  employed  by  the  community  to 
protect  itself  agaiost  the  spread  of  tuberculous  infection. 

Another  field  in  which  practical  workers  are  convinced  that  certain 
measures  have  direct  efficacy  in  saving  life  is  that  of  infant  mortality. 
It  has  even  been  said  that  for  the  expenditure  of  a  certain  sum  the 
saving  of  a  life  can  be  guaranteed.  Certain  it  is  that  in  few  public 
health  activities  is  the  ratio  between  effort  expended  and  results 
obtained  so  clearly  seen.  No  one  doubts  to-day  that  prompt  notifica- 
tion of  births,  education  of  the  mother  through  any  one  of  a  number 
of  agencies,  and  special  provision  for  suitable  feeding  of  infants 
during  hot  weather  are  factors  that  are  bound  to  tell  powerfully  in  the 
reduction  of  infant  mortaUty.  It  may  confidently  be  asserted  that 
the  degree  of  success  achieved  in  this  field  will  be  limited  only  by  the 
amount  of  endeavor  the  community  is  willing  to  put  forth. 

It  is  impossible  at  present  to  apply  direct  tests  of  efficiency  to  some 
measures  that  undoubtedly  promote  health.  The  influence  of 
playgroimds,  public  baths,  regulation  of  the  hours  of  labor  in  extra- 

1  See  Public  Health  Reports  for  1910,  published  by  the  Public  Health  and  Marine-Hospital  Service, 
articles  by  Stiles  and  Gardner,  and  Lumsden,  Roberts,  and  Stiles. 
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arduous  industries  and  the  like  is  real,  if  it  can  not  be  accurately 
determined  or  estimated.  Certain  activities  of  a  healUi  department 
may  be  worth  continuing  for  their  educational  value,  although  thdr 
direct  utility  may  be  questioned.  Many  topics  need  investigation 
in  order  to  discover  their  real  bearing  upon  the  public  health. 
Among  these  are  such  matters  as  the  effect  of  a  smol^  atmosphere, 
the  alleged  nervous  strain  due  to  city  noise,  and  numerous  important 
questions  in  the  domain  of  food  adulteration  and  contamination. 
Premature  and  drastic  action  by  health  authorities  in  matters  con- 
cerning which  there  is  profound  disagreement  among  experts  may 
cast  discredit  on  other  lines  of  activity  in  which  there  is  and  can  be 
no  difference  of  opinion. 

For  the  present  it  seems  worth  while  to  emphasize  more  sharply 
than  heretofore  the  distinction  between  public  health  measures  of 
proved  value  and  those  that  owe  their  existence  to  tradition  or  to 
misdirected  and  uninformed  enthusiasm.  Further  study  of  the 
results  obtained  by  certain  of  the  usual  and  conventional  healtli 
department  activities  is  also  much  needed,  and  as  a  preliininary  to 
such  study  the  proper  collection  and  handling  of  vitfd  statistics  is 
essential.  It  is  poor  management  and  unscientific  procedure  to 
continue  to  work  blindly  in  matters  pertaining  to  the  public  health, 
to  employ  measures  of  whose  real  efficiency  we  are  ignorant,  and 
even  to  refrain  from  collecting  facts  that  might  throw  light  upon  their 
efficiency. 
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By  C.-E.  A.  WiNSLOw.* 


It  may  fairly  be  maintained  that  in  most  industries  the  largest 
element  invested  is  what  may  be  called  life  capital.  For  example, 
in  the  cotton  industry  in  1905  there  was  invested  a  capital  of  $613,- 
000,000,  while  the  pay  roll  amounted  to  $96,000,000  a  year.  Capi- 
talized at  5  per  cent,  this  pay  roll  would  correspond  to  an  investment 
of  $1,920,000,000  in  the  form  of  the  hands  and  brains  of  the  workers. 
The  calculation  is  perhaps  a  fanciful  one,  but  it  iUustrates  the  fun- 
damental fact  that  the  human  element  in  industry  is  of  large  practi- 
cal importance.  Particularly  in  regions  like  New  England,  where 
there  is  no  wealth  of  natural  resources,  prosperity  depends  on  a  skilled 
and  intelligent  operative  class.  Such  a  class  Massachusetts  has  had 
in  the  past  and  the  present  interest  in  industrial  education  testifies 
to  the  conviction  that  the  efficiency  of  the  operative  must  be  im- 
proved to  the  highest  possible  d^ree. 

Once  the  operative  is  trained  and  at  work  it  is  generally  assumed 
that  the  results  obtained  will  depend  only  on  his  intrinsic  qualities 
of  intelligence  and  skill.  The  effect  of  the  environment  upon  him  is 
commonly  ignored;  but  its  practical  importance  is  very  great.  In 
industries  where  it  has  been  shown  that  the  machine  which  makes  a 
given  fabric  requires  certain  conditions  of  temperature  and  moisture 
for  its  successful  operation  these  conditions  are  maintained  with 
exemplary  care.  In  every  factory,  however,  there  is  another  type 
of  machine,  the  living  machine,  which  is  extraordinarily  responsive 
to  slight  changes  in  the  conditions  which  surround  it.  These  con- 
ditions, in  this  relation,  we  habitually  neglect. 

I  am  not  dealing  now  with  the  sociological  and  humanitarian  aspects 
of  the  case.  I  am  quite  frankly  and  coldly,  for  the  moment,  treating 
the  operative  as  a  factor  in  production  whose  efficiency  should  be 
raised  to  the  highest  pitch,  for  his  own  sake,  for  that  of  his  employer 
and  for  the  welfare  of  the  community  at  large. 

The  intimate  relation  between  the  conditions  which  surround  the 
living  machine  and  its  efficiency  is  matter  of  common  experience  with 

1  Reprinted  by  permission  from  Technology  and  EflElciency.  Proceedings  of  the  Congress  of  Technology 
at  Boston  Apr.  10, 19n.    pp.  442-448.    Copyright  IQH,  by  McQrew-HUl  Book  Co. 

*  Asodate  professor  of  biology,  College  of  the  City  of  New  York,  and  curator  of  public  health,  Amerlcao 
Uxmeam  of  Natural  History,  New  York  City. 
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US  all.  Contrast  your  feelings  and  your  effectiveness  on  a  dose,  hot, 
muggy  day  in  August  and  on  a  cool,  brisk,  bri^t  October  mornings 
Many  a  factory  operatiye  is  kept  at  the  August  levd  by  an  August 
atmosphere  all  through  the  winter  months.  He  works  listlessly,  he 
hall  accomplishes  his  task,  he  breaks  and  wastes  the  property  and 
the  material  entrusted  to  his  care.  If  he  works  by  the  day  the  loss 
to  the  employer  is  direct;  if  he  works  by  the  piece  the  burden  of 
interest  on  extra  machinery  has  just  as  truly  to  be  borne.  At  the 
close  of  the  day  the  operative  passes  from  an  overcrowded,  ovo*- 
heated  workroom  into  the  chill  night  ay*.  His  vitality  lowered  by  the 
atmosphere  in  which  he  has  lived,  he  falls  a  pray  to  minor  illness,  cold 
and  grip,  and  the  disturbing  effect  of  absences  is  added  to  ineffidency. 
Back  of  it  all  lurks  tuberculosis,  the  great  social  and  industrial  dis- 
ease which  lays  its  heavy  death  tax  upon  the  whole  community  after 
the  industry  has  borne  its  more  direct  penalty  of  subnormal  vitality 
and  actual  illness. 

The  remedy  for  all  this  is  not  simply  ventilation  in  the  ordinary 
sense  in  which  we  have  come  to  imderstand  the  term.  Mr.  R.  W. 
Gilbert,  of  the  Massachusetts  Institute  of  Technology,  b^ins  a  sug- 
gestive paper  on  ''The  economics  of  factory  ventilation/'  in  the  Engi- 
neering Magazine  for  December  last,  as  follows: 

Webster's  definition  of  the  word  ventilation  is  ''to  air''  or  ''to  replace  foul  air  by 
fresh."  In  actual  practice,  however,  ventilation  should  mean  more  than  this. 
It  should  mean  the  conditioning  of  the  air  of  any  inclosed  space  to  the  best  lequirs- 
mentfi  of  the  occupants  of  that  space.     . 

Conditioning  of  the  air  so  that  the  human  machine  may  work 
imder  the  most  favorable  conditions — this  is  one  of  the  chief  elements 
of  industrial  efficiency,  as  it  is  of  individual  health  and  happiness. 

The  chief  factors  in  air  conditioning  for  the  living  machine,  the 
factors  which  in  most  cases  far  outweigh  all  others  put  together,  are 
the  temperature  and  humidity  of  the  air.  In  many  a  plant  after 
spending  money  for  an  elaborate  system  of  ventilation,  the  air  has 
been  kept  too  hot  or  too  dry  or  too  moist,  and  the  effect  on  comfort 
and  efficiency  has  been  worse  than  nil.  It  is  a  curious  instance  of  the 
way  in  which  we  neglect  the  obvious  practical  things  and  attend  to 
remote  and  theoretical  ones,  that  for  years  more  attention  has  be^ 
bestowed  on  the  testing  of  air  for  carbon  dioxide,  which  was  supposed 
to  indicate  some  mysterious  danger,  than  on  the  actual  concrete  effect 
of  overheating.  Yet  heat,  and  particularly  heat  combined  with 
excessive  humidity,  is  the  one  condition  in  air  that  has  been  proved 
beyond  a  doubt  to  be  universally  a  cause  of  discomfort,  inefficiency, 
and  disease.  Fltigge  and  his  pupils  in  Oeiinany  and  Haldane  in 
England  *  have  shown  that  when  the  temperature  rises  to  80**  with 
moderate  humidity  or  much  above  70''  with  high  humidity,  depres* 

>  The  Utcimtare  on  this  subject  is  well  suniiiiarised  with  references  to  orlginftl  sources  by  T.  R.  Gravdff 
bi "  A  study  of  the  ventilation  of  sleephig  can,**  Arohiyes  of  Internal  MecUotne,  vol.  7,  p.  8S. 
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sion,  headache,  dizziness^  and  the  other  symptoms  associated  with 
badly  ventilated  rooms  begin  to  manifest  themselves.  At  78®  with 
saturated  air  Haldane  found  that  the  temperature  of  the  body  itself 
b^an  to  rise.  The  wonderful  heat-regulating  mechanism  which 
enables  us  to  adjust  ourselves  to  our  environment  had  broken  down 
and  an  actual  state  of  fever  had  set  in.  Overheating  and  excess  of 
moisture  is  the  very  worst  condition  existing  in  the  atmosphere  and 
the  very  commonest. 

The  importance  of  the  chemical  impurities  in  the  air  has  dwindled 
rapidly  with  the  investigations  of  recent  years.  The  common  index 
of  vitiation,  due  either  to  human  beings  or  to  lighting  and  heating 
appUances,  is  carbon  dioxide;  but  carbon  dioxide  in  itself  has  no 
harmful  effects  in  tenfold  the  concentration  it  ever  reaches  in  ordi- 
nary factory  air.  Nor  is  there  any  reduction  of  oxygen  which 
has  any  physiological  significance.  In  the  Black  Hole  of  Calcutta 
and  below  Uie  battened-down  hatches  of  the  ship  Londonderry  there 
was  actual  suffocation  due  to  oxygen  starvation,  but  this  can  never 
occur  under  normal  conditions  of  habitation.  It  was  long  beUeved 
that  the  carbon  dioxide  was  an  index  of  some  subtle  and  mysterious 
"crowd  poison"  or  ''morbific  matter."  All  attempts  to  prove  the 
existence  of  such  poisons  have  incontinently  failed.  There  are  very 
perceptible  odors  in  an  ill-ventilated  room,  due  to  decomposing 
organic  matter  on  the  bodies,  in  the  mouths,  and  on  the  clothes  of  the 
occupants.  These  odors  may  exert  an  unfavorable  psychical  effect 
upon  the  sensitively  organized,  but  as  a  rule  they  are  not  noticed  by 
those  in  the  room,  but  only  by  those  who  enter  it  from  a  fresher  atmos- 
phere. Careful  laboratory  experiments  have  quite  failed  to  demon- 
strate any  unfavorable  effects  from  rebreathed  air  if  the  surrounding 
temperature  is  kept  at  a  proper  level.  In  exhaustive  experiments  by 
Benedict  and  Milner  (Bulletin  136,  Office  of  Experiment  Stations, 
U.  S.  Department  of  Agriculture),  17  different  subjects  were  kept  for 
periods  varying  from  2  hours  to  13  days  in  a  small  chamber  with  a 
capacity  of  189  cubic  feet  in  which  the  air  was  changed  only  slowly 
while  the  temperature  was  kept  down  from  outside.  The  amount 
of  carbon  dioxide  was  usually  over  35  parts  (or  eight  to  nine  tiines 
the  normal),  and  during  the  day  when  the  subject  was  active  it  was 
over  100  parts,  and  at  one  time  it  reached  240  parts.  Yet  there  was 
no  perceptible  injurious  effect. 

The  main  point  in  air  conditioning  is,  then,  the  maintenance  of  a 
low  temperature  and  of  a  humidity  not  too  excessive.  For  maximum 
efficiency  the  temperature  should  never  pass  70^  F.,  and  the  humidity 
shoidd  not  be  above  70  per  cent  of  saturation.  At  the  same  time  a 
too  low  humidity  should  also  be  avoided.  We  have  httle  exact  infor- 
mation upon  this  point,  but  it  is  a  matter  of  common  knowledge  with 
many  persons  that  very  dry  air,  especially  at  70**  or  over,  is  excessively 
stimulating  and  produces  nervousness  and  discomfort.    It  would 
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probably  be  desirable  to  keep  the  relative  humidity  between  60*^  and 

7o^ 

Another  point  which  may  be  emphasized  in  the  light  of  current 
opinion  is  the  importance  of  '*  perflation/'  or  the  fliffihing  out  of  a  room 
at  intervals,  with  vigorous  drafts  of  fresh  cool  air.  YThere  there  are 
no  air  currents  the  hot,  moist,  vitiated  air  from  the  body  clings  round 
us  like  an  '' aerial  blanket/'  as  Prof.  Sedgwick  calls  it,  and  each  of 
us  is  surrounded  by  a  zone  of  concentrated  discomfort.  The  delight- 
ful sensation  of  walking  or  riding  against  a  wind  is  perhaps  largely 
due  to  the  dispersion  of  this  foul  envelope,  and  it  is  important  that  a 
fresh  blast  of  air  should  sometimes  blow  over  the  body  in  ord^  to 
produce  a  similar  efiFect.  The  same  process  will  scatter  the  odors 
which  have  been  noted  as  unpleasant  and  to  some  persons  poten- 
tially injurious.  The  principal  value  of  the  carbon-dioxide  test 
to-day  lies  in  the  fact  that  under  ordinary  conditions  high  carbon 
dioxide  indicates  that  there  are  no  air  currents  changing  the  atmos- 
phere about  the  bodies  of  the  occupants. 

There  is  one  other  problem  of  atmospheric  pollution  to  which  special 
reference  should  be  made.  The  presence  of  noxious  fumes,  and 
still  more  the  presence  of  fine  inorganic  or  organic  dust,  in  the  air 
constitutes  a  %rave  menace  to  health  in  many  processes  and  is  an 
important  contributory  cause  of  tuberculosis.  The  normal  body 
has  its  '' fighting  edge"  and  can  protect  itself  against  the  tubercle 
bacillus  if  given  a  fair  chance;  but  the  lung  tissue,  which  is  lacerated 
by  sharp  particles  of  granite  or  steel  quickly  succumbs  to  the  bac- 
terial invader.  In  dusty  trades,  like  stone  cutting  and  cutlery 
working  and  emery  grinding,  75  per  cent  of  all  deaths  among  the 
operatives  are  often  due  to  tuberculosis,  against  25  per  cent  for  the 
normal  adult  population.  This  may  be  fairly  interpreted  as  mean- 
ing that  the  actual  death  rate  from  tuberculosis  in  these  trades  is 
from  two  to  four  times  as  high  as  in  a  corresponding  average  popu- 
lation. In  other  words,  three  or  four  or  five  out  of  a  thousand  of 
these  workers  are  sacrificed  every  year  to  the  conditions  under  which 
they  labor.  The  elimination  of  the  dust  by  special  hoods  and  fans 
is  imperative  in  such  industries  and  must  be  supplemented  in  extreoie 
cases  by  the  compulsory  use  of  respirators. 

It  is  extraordinary  how  httle  is  known  to-day  of  the  actual  condi- 
tions of  factory  air,  either  by  manufacturers  or  by  sanitarians.  So 
far  as  I  am  aware  the  New  York  department  of  labor  is  the  only 
State  department  dealing  with  factory  inspection  which  collects 
and  publishes  exact  data  in  regard  to  the  quaUty  of  the  atmosphei^ 
in  the  workshops.  If  the  conditions  indicated  in  these  reports  by 
Dr.  C.  T.  Graham  Rogers  are  typical,  and  there  is  no  reason  to  doubt 
that  they  are,  for  the  smaller  industries  at  least,  there  is  urgent  need 
for  betterment.  The  table  below  shows  that  of  215  workrooms 
inspected  156,  or  73  per  cent,  had  a  temperature  of  over  72^  and  63, 
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or  29  per  cent,  exceeded  79°.  Relative  hiunidity  exceeded  70  per 
oent  in  39,  or  18  per  cent  of  the  workrooms.  In  tabulating  these 
analyses  i  have  excluded  all  cases  where  the  outdoor  temperature 
was  over  70®. 

J^penUwre  and  kwmdity  in  New  York  factoring, 
[Beports  of  the  Commtoskmer  of  Labor  fDf  1908, 1909,  and  19ia] 


Inddstiy. 


Number  of  workrooms  with  tem- 
perature. 


72*  or  less.    73*  to  79*.    80*  or  over. 


Number 
with  rela- 
tive humid- 
ity over 
70  percent. 


Printing  shops 

Clothing  shops. 

BakeiieB 

Pead  button  futorlee 
ClgBrmaldng  shops. . . 

Laondifes. 

Bllaneo 

Total 


2 

9 
1 
33 
8 
0 
6 


25 
23 
20 
9 

4 
7 
5 


29 
7 

15 
0 
5 
7 
0 


93 


63 


In  the  report  on  the  sanitary  condition  of  factories  and  workshops, 
made  by  the  Massachusetts  State  Board  of  Health  in  1907,  is  the 
following  comment  upon  the  boot  and  shoe  industry: 

In  the  majority  of  factories  visited  the  ventilation  was  found  to  be  poor,  and  in 
many  of  them  distinctly  bad.  Of  the  rooms  not  especiaUy  dusty,  102  were  badly 
ventilated  and  26  were  overcrowded.  In  the  rooms  in  which  large  amounts  of  dusts 
are  evolved,  the  number  of  machines  with  means  for  efficient  or  &irly  efficient  removal 
of  dust  was  found  to  be  1,630;  the  number  either  inefficiently  equipped  or  devoid  of 
equipment  was  2,769. 

Of  84  of  the  many  dusty  rooms  reported,  40  were  also  overcrowded,  35  were  dark, 
21  were  overheated,  and  18  were  overcrowded,  dark,  and  overheated.  In  more  than 
one-third  of  the  factories  visited,  the  conditions  of  water-closets  were  not  commend- 
able; most  of  them  were  dark  and  dirty  to  very  dirty. 

There  is  plenty  of  evidence;  though  of  a  scattered  and  iU-digested 
sort,  that  the  elimination  of  such  conditions  as  these  brings  a  direct 
return  in  increased  efficiency  of  production.  The  classic  case  of  the 
United  States  Pension  Biureau  is  always  quoted  in  this  connection. 
The  removal  of  the  offices  of  the  department  from  scattered  and 
poorly  ventilated  buildings  to  new  and  well-ventilated  quarters 
reduced  the  niunber  of  days  of  absence  due  to  illness  from  18,736, 
in  the  neighborhood  of  which  figure  it  had  been  for  several  successive 
years,  to  10,114. 

In  an  investigation  of  my  own  of  conditions  in  the  operating  room 
of  the  New  England  Telephone  &  Telegraph  Co:,  at  Cambridge, 
Mass.,  I  found  that  before  the  installation  of  a  ventilating  sys- 
tem, 4.9  per  cent  of  the  force  (50  to  60  girls)  were  absent  during  the 
winter  months  of  1906  and  4.5  per  cent  in  1907.  The  ventilating 
duct  which  was  put  in  was  a  simple  one  and  cost  only  $75  to  install. 
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but  in  the  winter  of  1908  following  its  introduction  the  absences  were 
cut  down  to  1.9  per  cent  of  the  force  employed,  without  &ny  other 
change  in  conditions  or  perBonnel  so  far  as  I  was  able  to  dbcoTer. 

The  vice  president  of  the  Manhattan  Trust  Co.  of  New  York  states 
that  by  proper  ventilation  he  has  so  increased  the  efficiency  of  his 
clerical  force  that  he  has  been  able  to  reduce  the  number  of  employees 
4  per  cent. 

In  the  printing  establishment  of  Mr.  C.  J.  (ySrien,  in  New  York,  a 
ventilating  system  was  installed  because  of  the  insistence  of  the 
State  department  of  labor  that  the  law  be  compUed  with,  the  order 
having  been  resisted  for  two  years.  After  the  system  had  been  in 
use  a  year,  the  proprietor  stated  that  had  he  known  in  advance  of 
the  results  to  be  obtained  no  order  would  have  been  necessary  to 
have  brou^t  about  the  installation.  Whereas  formeriy  the  men 
had  loft  work  on  busy  days  in  an  exhausted  condition  and  sickness 
was  common,  now  the  men  left  work  on  all  days  in  an  entirely  differ- 
ent condition,  and  sickness  had  been  veiy  much  reduced.  The  errors 
of  typesetting  and  time  reqtured  for  making  corrections  were  greatly 
reduced. 

It  is  much  to  be  desired  that  this  problem  should  be  studied  by 
careful  quantitative  methods  as  a  definite  factor  in  the  profit  and  loss 
account.  The  National  Electric  Lamp  Association  is  approaching 
the  question  of  sanitary  conditions  in  this  manner,  comparing  in 
detail  the  temperature  and  humidity  of  its  workrooms  with  the 
hours  of  work,  the  pay  and  the  eflSiciency  of  its  employees.  Only 
by  such  systematic  study  can  it  be  detennined  how  much  factory 
sanitation  is  really  worth  in  any  given  case.  The  evidence  is  already 
strong  enough,  however,  to  warrant  some  investigation,  tn  cases 
where  preliminary  study  shows  its  value,  why  should  not  the  sani- 
tary inspection  of  a  factory  be  made  a  part  of  its  routine  operation 
just  as  supervision  of  its  mechanical  features  is  a  part  of  its  organi- 
zation to-day  ?  It  is  not  solely  or  chiefly  the  problems  of  ventilation 
as  ordinarily  understood  that  should  *be  studied;  and  it  must  be 
remembered  that  there  is  never  anything  nlagical  in  a  "ventilating 
S3r8tem."  "Systems"  are  as  dangerous  in  sanitation  as  quackeiy  in 
medicine.  The  problem  must  be  approached  from  a  broad  biological 
viewpoint,  and  should  include  all  the  conditions  which  make  for 
lowered  vitality.  Temperature  and  humidity  come  first  and  foremost 
and  dust  and  fumes  must  be  guarded  against  in  certain  processes. 
The  cleanliness  of  the  factory,  the  purity  of  drinking  water,  the  qual- 
ity of  lighting,  the  sanitary  provisions,  and  a  dozen  other  points  will 
suggest  theniselves  to  the  sUlled  investigator  when  on  the  ground. 
He  may  find  in  many  of  these  directions  economic  methods  by  which 
efficiency  can  be  promoted. 

The  consulting  factory  sanitarian  will  be  a  new  factor  in  industry, 
but  the  progress  of  industrial  economy  and  of  sanitary  science  unite 
in  pointing  to  the  need  for  such  an  expert. 
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By  Leonabd  Hill,  F.R.S.,  and  Martin  Flack. 


(From  the  laboratory  of  the  London  Hospital  Medical  College.) 

Ozone  has  been  extolled  as  the  active  health-giving  agent  in  moun- 
tain and  sea  air,  its  virtues  have  been  vaunted  as  a  therapeutic  agent, 
until  these  have,  by  mere  reiteration,  become  part  and  parcel  of  com- 
mon belief;  and  yet  exact  physiological  evidence  in  favor  of  its  good 
effects  has  been  hitherto  almost  entirely  wanting.  Ozone  has  been 
found  occasionally  in  traces  in  the  atmosphere,  it  has  been  proved  to 
have  active  oxidizing  properties,  and  on  these  facts  the  superstructure 
of  its  therapy  has  been  reared. 

Popular  attention  has  been  fixed  on  the  mysterious  and  the 
unknown,  and  has  neglected  the  prepotent  power  of  cold  wind  and 
sunlight  to  influence  the  nervous  health  and  metabolism  of  man. 
The  only  thoroughly  well-ascertained  knowledge  concerning  the 
physiological  effect  of  ozone  so  far  attained  is  that  it  causes  irritation 
and  oedema  of  the  lungs,  and  death  if  inhaled  in  relatively  strong 
concentration  for  any  time,  e.  g.,  0.05  per  cent,  death  in  two  hours 
(Sctwarzenbach);  1  per  cent  in  one  hour  (Barlow). 

A.  Loewy  and  N.  Zuntz  '  write  that  "  the  physiological  foundations 
of  an  ozone-therapy  can  scarcely  be  discussed,  so  little  is  the  extent 
of  our  exact  knowledge  on  this  subject."  The  old  idea  that  ozone 
passing  into  the  blood  acts  as  an  oxidizing  agent  there,  thus  destroy- 
ing organized  and  unorganized  poisons,  was  exploded  by  Pflilger  *  who 
pointed  out  that  ozone  is  immediately  destroyed  on  contact  with 
blood;  even  if  it  were  not,  there  is  no  reason  why  it  should  oxidize 
toxins  rather  than  normal  constituents  of  the  blood. 

C.  Binz  *  observed  that  "animals  submitted  to  ozone  became  quiet 
and  appeared  to  sleep."  W.  Sigmund  *  also  noted  this  effect  in  white 
mice,  gold  fish,  and  insects.  He  considered  that  ozone  is  not  a  very 
dangerous  substance,  for  even  small  animals  could  bear  for  a  time  a 
relatively  large  amount  without  serious  effect;  warm-blooded  animals 
were  the  more  sensitive. 

1  Reprinted  by  petmiasion  from  the  Proceeding  of  the  Royal  Society,  London,  B.  vol.  84, 1911,  pp.  404-415. 
Beoeived  by  the  Society  July  G;  read  Dec.  7, 1911. 
1  Handbnch  der  SaoerBtofltherapie,  MichaeUe,  Berlin,  1906,  p.  61 
»  PflOger'a  Archlv,  vol.  10,  p.  251. 
4  BerL  Klin.  Wochensch.,  1882,  Noa.  1, 2, 43. 
a  Cent,  t  Bakter.  (U),  1905,  voL  14,  p.  635. 
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Filipow  *  found  weak  concentrations  had  no  effect  on  men  or  ani- 
malsy  while  a  higher  concentration  of  ozone  caused  irritation  of  the 
respiratory  tract. 

Schultz '  confirmed  this  irritative  effect,  and  found  long-continued 
breathing  of  ozone  caused  pathological  dianges,  particularly  in  the 
lungs,  which  were  the  cause  of  death.  Schultz  considered  tiiat  the 
ozone  passed  into  the  blood  and  injured  the  lung  secondarily.  Bohr 
and  Maar '  overthrew  this  supposition  by  the  ingenious  experiment 
they  devised  of  making  one  lung  breathe  ozonized  air  and  the  oth^ 
normal  air.  They  found  this  lung  remained  normal  ^^ile  the 
ozonized  lung  became  (Edematous. 

Using  a.concentration  of  ozone  which  produced  no  visible  change  in 
the  pulmonary  structure,  these  observers  found  that  it  caused  a 
diminished  uptake  of  oxygen;  the  other  lung  compensated  for  the 
deficiency  by  an  increased  uptake.  This  occurred  in  both  cold- 
blooded (tortoise)  and  warm-blooded  animals.  In  the  former  the 
initial  effect  of  ozone  was  occasionally  a  slightly  increased  oxygen 
uptake.  If  the  inhalation  of  ozone  were  continuous  the  increased 
uptake  by  the  lung  ventilated  with  normal  air  finally  fell  away  and 
became  deficient;  this  occurred  sooner  in  the  mammal  than  in  the 
tortoise. 

The  CO,  output  was  also  diminished,  but  not  so  markedly  as  the 
oxygen  uptake,  thus  the  respiratory  quotients  often  rose  over  1.  Tlie 
effect  of  ozone  on  the  respiratory  exchange  came  on  gradually,  and 
with  weak  concentrations  often  reached  its  height  after  the  cessation 
of  the  ozone  inhalation — there  was,  in  fact,  an  after-effect  which  took 
some  little  time  to  pass  off.  The  effect  was  not  modified  by  a  pre- 
liminary division  of  the  vagi  and  pulmonary  sympathetic  nerves. 

The  blood  of  the  ozonized  animal  had  no  toxic  effect  when  trans- 
fused into  another.  Bohr  concluded  that  the  effect  was  primarily 
on  the  lungs,  and  as  the  oxygen  uptake  was  affected  more  than  the 
CO,  output,  he  claimed  that  his  results  supported  his  view  that  tiie 
pulmonary  epithelium  by  its  secretory  activity  controlled  the  passage 
of  the  respiratory  gases.  Butte  and  Peyron  ^  likewise  record  tJiat 
ozone  when  inhaled  diminishes  the  metabolism. 

One  of  the  obstacles  in  the  way  of  investigation  has  been  tlie  diffi- 
culty of  obtaining  pure  ozone  free  from  oxides  of  nitrogen,  and 
another  has  been  the  want  of  an  accurate  method  of  estimating  the 
concentration  of  ozone.  There  has  been  devised  lately  an  ingenious 
apparatus  for  producing  ozone,  which  eliminates  the  production  of  the 
oxides  of  nitrogen,  and  allows  the  ready  use  of  ozone  for  bleaching, 
sterilizing  water  or  ventilating  purposes.    The  ozone  is  generated  by 

1  Arch.  L  d.  Qea,  Physiol.,  toL  34,  p.  335. 

*  Aroh.  L  ezper.  Path.,  1882,  toL  29,  p.  364. 

i  Skftnd.  Aroh.  L  Physiol.,  1004,  vol.  16,  p.  41. 

«  Comp.  Rend.  Soo.  BloL,  ToL  46;  ProKite  Ittdlcal,  1894,  No.  80,  pu  a. 
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the  electrical  discharge  of  high-potential  currents  across  sheets  of 
fine  gauze  set  parallel  and  insulated  from  each  other.  The  gauze  net 
msures  the  equality  of  the  discharge  over  the  whole  surface,  and  pre- 
vents that  excessive  high-tension  discharge  at  certain  rough  points, 
which  occurring  in  the  older  form  of  instruments  fitted  with  smooth 
metal  plates,  causes  the  production  of  oxides  of  nitrogen  from  the 
burning  of  atmospheric  nitrogen.^  Our  object  therefore  has  been  to 
determine  the  effects  of  undoubtedly  pure  ozone,  especiaDy  in  con- 
centrations far  less  than  those  used  by  previous  observers. 

Method  of  estimaiion  of  concentration  of  ozone. — ^The  air  containing 
ozone  is  sucked  by  an  aspirator  or  filter  pump  through  a  1  per  cent 
solution  of  potassium  iodide,  acidified  with  a  small  quantity  of  10 
per  cent  sulphuric  acid  contained  in  a  Drechsel  wash  bottle.  It  is 
essential  that  contact  with  rubber  be  avoided.  After  10  liters  of  air 
have  been  passed  through  the  wash  bottle,  the  acidified  KI  is  removed 
and  freshly  prepared  pure  starch  emulsion  added.  A  blue  color  indi- 
cates the  presence  of  ozone.  The  amount  is  estimated  by  titration 
with  sodium  hyposulphite  solution  xmtil  this  blue  color  is  discharged. 
The  hyposulphite  solution  is  prepared  by  dissolving  22.2  grams  in 
in  1  liter  of  diistilled  water,  so  tiiat  1  c.  c.  of  the  solution  is  equivalent 
to  100  parts  per  million  of  ozone  in  the  air  collected  as  a  10-liter 
sample.  For  small  quantities  of  ozone  the  solution  may  be  diluted 
10  or  100  times,  giving  1  c.  c.  of  the  solution,  equal,  respectively,  to 
ten  parts  and  one  part  per  million  of  ozone  in  the  air  collected. 

Lethal  dose  of  ozone. — ^To  determine  this  the  animals  were  placed  in 
a  large  air-tight  chamber.  The  ozonized  air  was  then  driven  through 
by  means  of  a  gas  engine  driving  an  air  pump,  and  the  concentration 
of  ozone  determined  in  the  issuing  air.  The  animals  could  be  observed 
through  the  glass  windows  of  the  chamber,  which  could  also,  if  neces- 
sary, be  lighted  by  electric  light.  Our  experiments  show  that  ani- 
mals may  die  after  being  submitted  to  15  to  20  parts  per  million  for 
two  hoiu^.  We  do  not  doubt  that  a  lower  concentration  would  have 
a  fatal  effect  if  breathed  for  a  much  longer  period. 

The  cause  of  death  is  acute  inflammation  of  the  respiratory  tract. 
The  lungs  become  intensely  congested  and  oedematous.  Microscopic- 
ally the  pulmonary  alveoli  appear  full  of  an  inflammatory  exudation. 
Many  of  the  alveoli  are  full  of  blood,  for  so  intense  is  the  irritant  effect 
that  hemorrhages  take  place.  There  are  no  other  signs  of  the  effect 
of  ozone  in  the  body.  On  inhaling  ozonized  air  ourselves  and  expir- 
ing through  the  iodine  test  solution  we  find  no  evidence  of  ozone  in 
the  exhaled  air.  It  is  all  taken  up  by  the  wet  mucous  surface  of  the 
respiratory  tract  and  exerts  its  effect  there. 

1  Mr.  Edward  L.  Joseph,  the  inventor  of  the  "Ofonair"  apparatus,  was  good  enough  to  give  us  the  use 
of  a  complete  installation  and  place  his  information  at  cor  diqwaaL 
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(January  to  Karcb,  1910.] 
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Disordered  breathing  of  aD  aoimab;  all  recoTend. 
Jerky  breathing;  soon  recovered. 
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Died;  pneumonic  signs  found  post  mortem. 
Very  disordered  breathing;  eventoally  r 


On  breathing  two  to  three  parts  per  million^  we  ourselTes  find  it 
irritating  to  the  respiratory  tract,  with  a  tendency  to  producey  in  this 
concentration,  headache  and  oppression.  The  irritation  set  up  by 
ozone,  together  with  its  strong  characteristic  smell,  affords  am]^ 
warning,  and  would  prevent  anyone  exposing  himself  unintentionally 
to  a  dangerous  concentration.  The  irritation  set  up  would  naturally 
make  anyone  remove  himself  from  the  influence  of  the  ozone  before 
any  serious  damage  to  the  lungs  had  been  set  up.  As  far  as  we  can 
see,  then,  no  serious  risk  can  arise  from  the  use  of  ozone  generators 
so  long  as  the  generators  are  not  placed  in  a  confined  space  from  which 
escape  is  impossible. 

It  is  only  possible  to  estimate  concentrations  of  much  less  than  one 
part  of  ozone  per  million  parts  of  air  by  passing  very  large  quantities 
of  the  ozonized  air  through  the  acidified  potassium  iodide  solution. 
We  find  concentrations  of  far  less  than  one  in  a  million  parts  can  be 
both  smelled  and  tasted;  the  physiological  test  for  ozone  therefore  is 
extraordinarily  delicate.  If  ozone  is  used  in  a  ventilating  system, 
we  think  it  should  be  in  such  concentration  as  is  scarcely  perceptible 
to  a  keen  sense  of  smell. 

Ozone  has  most  potent  action  as  a  deodorizer.  We  tested  this  by 
filling  our  experimental  chamber  with  the  smoke  of  shag  tobacco, 
ammoniiun  sulphide,  or  carbon  bisulphide  vapor.  At  other  times 
we  placed  in  the  chamber  stinking  meat,  or  human  feces.  Aft« 
putting  in  action  the  two  small  ozonizers,  placed  in  the  roof  of  the 
chamber,  for  two  minutes,  we  were  not  able  to  detect  the  odors  of 
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these  substances.  The  smell  of  the  ozone  masked  all  other  smells. 
The  masking  of  these  smells  gives  no  proof  of  the  destructiofi  of  the 
evil-smelling  emanations,  for  Zwaardemaker  has  shown  that  two 
smells  can  neutralize  each  other — e.  g.,  ammonia  introduced  up  one 
nostril  and  acetic  acid  up  the  other. 

Erlandsen  and  L.  Schwarz^  concluded,  from  a  series  of  careful 
observations  on  the  effect  of  ozone  on  ammonia  and  hydrogen  sul- 
phide, trimethylamine,  butyric,  and  valerianic  acids,  indol  and  skatol, 
that  the  smells  are  only  masked  and  not  destroyed  by  the  presence 
of  ozone.  The  odoriferous  substance  and  ozone  were  introduced  into 
the  chamber  together.  After  a  period  the  ozone  disappeared  from 
the  chamber,  and  the  smell  was  found  to  have  returned.  The  smell 
of  tobacco,  in  particular,  was  masked  and  not  destroyed. 

From  a  hygienic  standpoint  the  ozone  may  be  useful  as  a  deodorizer, 
since,  from  the  point  of  view  of  its  effect  on  the  nervous  system,  it 
does  not  matter  whether  the  evil  smell  is  masked  or  destroyed.  The 
question  is,  which  is  preferable,  the  evil  smell  or  the  smell  of  ozone. 
Certain  smells  are  objectionable,  and  become  more  so  if  persistent 
and  imiform.  In  cold-meat  or  dry-goods  stores,  tube  railways,  etc., 
ozone  may  have  its  use  as  a  deodorizer  and  freshener  of  the  atmos- 
phere, relieving  the  stale  and  tedious  quality  of  the  air. 

In  a  room  fitted  with  a  gas  radiator  (witJiout  flue)  we  have  foimd, 
by  a  series  of  daily  observations,  that  ozone  relieves  the  disagreeable 
quality  of  the  air.  It  seems  to  give  a  certain  tang  to  the  air,  and,  by 
.  stimulating  nerve  endings  in  the  respiratory  tract,  relieves  the  monot- 
ony of  overwarm  and  close  air.  We  were  informed  by  an  engineer 
employed  in  a  large  public  office  that  he  added  Sanitas  to  the  water 
used  for  spraying  and  cooling  the  air  which  was  pumped  into  the 
building  on  a  Plenum  system.  In  the  late  afternoon  the  clerks  often 
telephoned  down  to  him  and  asked  for  ''more  Sanitas" — anything 
to  change  the  monotony  of  air  always  warmed  to  65°  F. 

Under  the  conditions  of  natural  life  we  are  ''blown  upon  by  every 
wind,  and  wet  with  every  shower."  The  cutaneous  sense  organs  are 
submitted  to  ceaseless  flux  of  physical  and  chemical  conditions,  more 
or  less  blood  and  tissue  lymph,  higher  or  lower  temperature,  etc.  The 
heating  and  ventilating  engineer  has  aimed  at  giving  us  in  our  build- 
ings a  uniform  summer  temperature,  unchanged  by  wind  or  calm, 
warm  stmshine,  or  cold  shadow  of  the  clouds.  In  the  House  of  Com- 
mons the  air  is  drawn  in  from  over  the  Thames,  cooled  and  wetted  by 
a  water  spray,  and  carried  in  at  the  rate  of  40,000  to  60,000  feet  a 
minute — ^a  fine  bracing  ciurent.  Before  it  reaches  the  House  it  is 
warmed  by  passing  over  steam  radiators,  mixed,  and  passed  in  a 
uniform  draftless  stream  at  63°  F.,  through  the  gauze-covered  floor 

1  Zeit.  f.  Hygiene  u.  Inlectlocis-KraDkbeiten,  1910,  vol.  67,  p.  391. 
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of  the  House.  When  the  diTision  bell  rings,  the  current  is  switched 
from  the  House  on  to  the  division  lobbies.  Hour  after  hour  the  same 
uniformity  is  maintained,  which  leads  the  open-air  man  to  complam 
that  it  is  too  hot,  and  the  old  East  Indian  to  revile  the  cold.  Tlie 
fault  lies  in  the  imiformity.  TThen  the  House  is  cleared  for  divisiont 
it  should  be  swept,  in  our  opinion,  with  a  current  of  cool  air  straight 
from  the  water  sprays. 

In  such  conditions  of  uniformity  an  ozonizer,  just  as  a  cigarette, 
may  relieve  the  tedium  of  the  nervous  system.  Ozonized  air  may 
help  under  the  dejnressing  conditions  which  obtain  in  many  shops  and 
factories  by  varying  the  stimulation  of  the  nervous  system. 

It  has  been  claimed  that  traces  of  ozone  in  the  atmosphere,  by  iU 
oxidizing  properties,  destroy  dust,  bacteria,  noxious  gases,  and  render 
the  air  pure.  There  is  no  doubt  that  ozone  in  the  presence  of  water 
and  in  strong  concentration  is  a  powerful  oxidizing  agent.  It  is 
actually  used  for  the  sterilization  of  the  water  supply  of  certain  towns. 
The  ozonized  air  is  thoroughly  mixed  with  the  water  and  brought  into 
intimate  contact  with  the  bacteria.  On  dry  bacteria  concentrated 
ozone  has  no  action  (OhlmQUerO*  In  weak  concentrations,  such 
as  can  be  inhaled  safely,  we  found  ozone  had  no  sterilizing  effect  when 
bubbled  through  moist  cultures  of  BadUua  coli  communis.  The  ozone 
only  acts  on  the  surface,  and  in  weak  concentrations  can  not  be  ex- 
pected to  pass  through  relatively  thick  layers  of  wet  material. 

Erlandsen  and  Schwarz  ri^Uy  point  out  that  there  is  no  justiGca- 
tion  for  the  assertion  made  by  Lflbbert  that  ''oi^anic  dust,  ill-smell- 
ing particles,  and  agents  of  infection  can  not  exist  in  the  presence  of 
ozone,  and  that  a  dembnstrable  excess  of  ozone  indicates  absolute 
pmityof  theair." 

Owing  to  its  powerful  bactericidal  action  when  passed  tiirougfa 
water  in  high  concentrations,  it  might  be  thought  that  inhalation 
of  ozone  would  be  of  value  in  the  treatment  of  infections  of  the  re- 
spiratory tract,  and  such  inhalations  have  been  used,  e.  g.,  for  puhno- 
nary  tuberculosis. 

Against  the  use  of  all  such  bactericidal  agents  in  the  treatment  of 
pulmonary  disease  is  the  fact  that  the  bacilli  are  growing  in  the  sub- 
stance of  the  wet  tissues,  and  therefore  to  kill  the  bacilli  a  concen- 
tration must  be  used  which  would  also  kill  the  tissues. 

One  of  the  most  potent  methods  of  treatment  is  to  draw  blood 
in  increased  volume  to  the  infected  part,  by  fomentations,  blisters, 
etc.,  the  blood  itself  having  bactericidal  and  immunizing  properties. 
We  suggest  that  inhalation  of  weak  concentrations  of  ozone,  by 
mildly  irritating  the  respiratory  tract,  may  bring  more  blood  to  the 
part  and  thus  have  the  curative  effect  of  a  fomentation  or  blister. 

i  Arbdten  a.  d.  Kais.  Oesundbeitsamte,  voL  8,  p.  229. 
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Fat  has  a  power  of  absorbing  ozone  until  it  smells  strongly  of 
ozone,  and  it  retains  the  ozone  for  a  long  time.  Mr.  F.  Kidd  kindly 
tried  for  us  the  application  of  ozonized  lard  or  vaseline  to  foul  chronic 
ulcers  of  the  leg,  but  found  that  while  hot  fomentations  were  efficar 
cious  in  cleaning  up  and  rendering  sweet  control  cases  of  ulcer,  the 
ozonized  ointment  had  little  effect. 

For  the  investigation  of  the  respiratory  metabolism  we  used  the 
Haldane-Pembrey  gravimetric  method.  Mice  or  small  rats  were 
placed  in  a  beaker  fitted  with  a  thermometer  and  the  beaker  placed 
m  a  Hearson  air  bath  to  keep  the  external  temperature  constant. 
In  a  first  series  of  experiments  the  ozone  was  generated  by  a  speciaQy 
made  small  ozonizer,  and  led  partly  through  the  animal  chamber 
and  partly  through  a  collecting^  wadi  bottle,  in  order  that  its  con- 
centration might  be  determined. 

The  water  vapor  given  off  by  the  animal  varied  so  much  with  the 
passing  of  urine  and  feces,  and  possibly  with  the  animal  putting  up 
its  fur,  as  it  does  when  depressed  by  the  ozone,  that  we  can  lay  no 
weight  on  the  calculation  of  oxygen  intake.  The  weakness  of  the 
gravimetric  method  lies  in  the  fact  that  the  oxygen  is  calculated 
from  the  difference  between  loss  of  body  weight  and  output  of  water 
and  CO2,  and  not  directly  measured. 

We  shall  confine  our  considerations  ia  these  experiments  to  the 
loss  of  body  weight,  and  the  CO,  output.  Table  II  shows  the  loss 
of  weight  sustained  by  the  animal,  the  amounts  of  H^O  and  CO, 
given  off  before,  during,  and  after  ozone.  It  is  seen  that  there  is  a 
marked  depression  during  and  after  the  administration  of  ozone. 
The  table  gives  a  random  selection  made  from  25  similar  experiments. 

The  figures  for  the  loss  of  weight  represent  the  loss  of  weight  of 
the  animals  weighed  in  the  respiration  chamber.  Evaporation  of 
urine  and  feces  when  passed  contribute  to  this  loss.  As  the  loss  of 
body  weight  is  also  influenced  by  the  passing  and  evaporation  of 
the  urine  and  water  from  the  feces,  the  CO,  output  results  are  the 
more  trustworthy. 

As  the  concentration  of  ozone  ^ven  by  the  small  generator  seemed 
to  be  too  high,  we  obtained  the  ozone  ia  the  following  expenments 
by  generating  it  in  a  room,  the  ozonizer  being  placed  at  distances 
varying  from  100  to  350  cm.  horn,  the  inlet  of  the  ventilation  current 
which  was  drawn  through  the  animal  chamber.  Table  HI  gives  the 
loss  of  weight  and  amount  of  CO,  given  off  in  milligrammes  in  the 
last  eight  experiments  made  under  these  conditions,  the  reading  for 
the  oxygen  as  before  being  variable.  In  all,  16  similar  experiments 
were  made  on  small  rats. 
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Tablb  II. 


Animal. 

Air. 

Air. 

Air. 

Oxone. 

AOer 
first. 

After 
itecond. 

After 
third. 

After 
fourth. 

Remarlcs. 

Mooee.... 
Do 

Time,  in  minates 
Loes  of  weight... 
HiO  given  off... 

COt  given  off 

Time,inmlnnte8 
Loai  of  weight... 
H|0  given  off... 

COt  given  off 

Time,  In  minutes 
Loss  of  weight... 
HtO  given  off... 
COt  given  off.... 
Time,  in  minutes 
Loei  of  weight,.. 
HiO  given  off... 
COt  given  off.... 
Time,inmfaiutes 
Loss  of  weight... 
HtO  given  off... 
COt  given  off.... 
Time,  in  minutes 
Loss  of  weight... 
HtO  given  off... 
COt  given  off.... 

15 
115 
125 

87 

20 
S86 
151 
101 

20 
210 
140 

m 

75 
415 
303 
1A3 

60 
580 
425 
207 

75 
405 
320 
164 

15 

121 
120 
90 
20 
258 
222 
86 
20 
270 
260 
146 

15 

125 
121 
85 

105 

185 

120 
490 

15 
55 
64 
50 
20 
96 
225 

ao 

20 
34 

76 

75 
104 
180 

97 

60 
S26 
337 
150 

75 
185 
189 
144 

15 

35 

45 

33 

20 

93 
133 

21.5 

20 
150 
180 

50 

15 

47 
50 
30 
20 
83 
94 
22 

15 
46 
55 
53 

20 
71 
88 
24 

Osooe  H  pvti  per  mO- 
'    Uon.  Bresthing  notice- 
ably dtoordered. 

Oione6psrtiperini]lkn. 
Breething   ma^sdly 
disordered. 

Do 

20 
210 
200 
146 

90 

196 

75 
335 
344 

80 

60 

515 

525 

64 

75 

250 

233 

123 

Osooe  1}  psrts  per  nfl^ 

lion. 

Do 

Osooe  less  tbsa  1  pert 

perminioa.   2  incfaei 

firom  oxoniser. 

Do 

60 
325 
335 
112 

60 
236 
135 
115 

60 
380 
393 
206 

Osone  well  tosB  then  1 

part    per    mlBioo.  1 

foot  from  ozonixer. 

Do 

Clone  well  less  tittn  1 

part  per  miinoiL   100 

cm.  from  osonizer. 

In  all  these  experiments  the  animals  were  given  a  preliminary' 
half-hour  or  so  on  air,  m  which  to  settle  down  and  adjust  themselves 
to  their  new  surroundings.  Judging  by  the  CO,  given  off  in  some 
cases,  the  ozone  appears  to  have  perhaps  a  transitory  stimulating 
effect,  followed  by  a  corresponding  depressant  effect;  in  others  there 
is  but  little  evidence  of  any  action  of  the  ozone  at  all  at  concentra- 
tions such  as  these.  The  ozone  itself  was  always  in  concentrations 
far  less  than  one  part  per  million,  and  varied  from  day  to  day  accord- 
ing to  the  atmospheric  conditions  prevailing.  We  should  state  that 
several  of  our  figures  obtained  during  and  after  ozone  show  a  R.Q. 
above  1,  confirming  the  observations  of  Bohr  as  to  the  diminished 
uptake  of  oxygen. 

Turning  to  the  investigation  of  the  respiratory  metabolism  of  man 
under  the  influence  of  ozone,  we  selected  the  method  devised  recently 
by  Dr.  Gordon  Douglas,*  of  Oxford,  owing  to  its  simplicity  and 
efficiency. 

1 C.  a.  Douglas,  Jomm.  I'hysioL,  1911,  vol.  42;  Proceedings,  p.  xtIL 
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Table  III. 


Rat. 

Air, 
(hour. 

Air, 
ihour. 

Air, 
^hour. 

Oxone, 
}hour. 

First 

(after 

J  hour). 

Second 

(after 

Jbour). 

Third 

(after 

Jhour). 

Fourth 

(after 

Jhour). 

A 

Lowofwdght 

OOt  giyon  off. . . 

102 
132 
119 
104 
113 
91 
168 
178 
107 
142 
225 
132 
145 
168 
115 

153 

103 
135 
ISO 
120 
122 
94 
155 
158 
104 
130 
230 
135 
270 
177 
196 

188 

90 
73 
70 
130 
63 
86 
190 
199 
136 
155 
145 
91 
235 
165 
148 

163 

88 
432 

88 
127 

57 

83 
235 
187 

80 
127 
185 

97 
215 
145 
177 

205 

74 
129 
144 
156 

65 
100 
191 
182 

97 
130 
123 

77 
235 
137 
145 

173 

B 

Lonofwd^t 

C  Of  giveD  off 

200 

108 
75 
99 
i;22 
140 
128 
132 
202 
101 
165 
102 
109 

175 

A 

LoM  of  weight 

COi  givva  off. . . . 

c 

Lon  of  weight 

COfl  given  off 

145 

155 

D.... 

LosBofwdght 

COi  given  off 

103 
129 
215 
114 
225 
162 
197 

200 

95 
128 

B.... 

Lonofwdght 

COt  givm  off 

p 

LooB  of  weight 

COt  given  off 

O.... 

Lonofwdght 

COf  given  off 

U49 

255 

1110 

138 

>  Here  the  upper  number  represents  the  result  of  a  further  H  ^^  of  oe<me,  and  the  lower  numbers  that 
of  the  suooeedfng  yi  hour  in  au. 

The  subject  was  provided  with  a  mouthpiece,  fitted  with  inspiratory 
and  expiratory  valves.  (We  used  the  excellent  mica  valves  made  by 
Messrs.  Siebe^  Gorman  &  Co.,  and  used  in  their  mine  rescue  appar- 
ratus.)  While  inspiring  atmospheric  air,  the  subject  expired  into  a 
large  canvasHrubber  bag  of  suitable  construction,  and  previously 
anptied  of  air.  After  a  period  of  10  minutes  a  fresh  bag  was  sub- 
stituted, and  the  volume  of  expired  air  in  the  first  bag  was  measured 
by  pressing  the  contents  of  the  bag  through  the  meter,  and  a  sample 
of  the  expired  air  was  collected  and  analyzed.  Successive  samples 
were  thus  taken,  some  when  the  air  was  ozonized  and  some  when  it 
was  not.  The  composition  of  the  atmospheric  air  being  known,  the 
requisite  data  were  calculated  from  the  measurements  of  the  meter 
and  the  analysis  of  the  samples,  all  results  being  reduced  to  0^  C.  and 
760  mm. 

In  all  we  have  made  19  experiments,  and  append  the  details  of 
the  last  7.  In  the  preliminary  triak  of  the  melJiod  we  found  con- 
siderable variations  in  the  metabolism  in  successive  periods  of  time. 
These  were  due  to  want  of  complete  rest  on  the  part  of  the  subject. 
(See  Table  IV.) 

Omr  last  series  of  experiments  were  carried  out  with  the  subject 
recumbent  on  a  couch  and  prepared  for  the  test  by  a  preliminary 
period  of  rest.  Even  then,  the  opening  and  shutting  of  the  windows 
38734**— SM  1911 — -40 
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(to  vary  the  condition  of  ozonization  of  the  air)  must  have  somewhat 
influenced  our  results  bj  altering  the  cooling  effect  of  the  air  on  the 
body.  Hiese  tests  were  carried  out  in  warm  summer  weather,  and 
in  the  final  experiment  the  windows  were  kept  shut  all  the  time  and 
the  room  ventilated  by  opening  the  doors  leading  into  other  and 
larger  laboratories.  In  this  experiment  we  obtained  residts  which 
we  regard  as  the  most  conclusive  of  all. 

Hie  metabolism  varies  with  the  degree  of  complete  rest  of  the 
subject.  If  he  moves  slightly  more  or  less — e.  g.,  in  reading,  talking — 
this  will  affect  the  result,  and  thus  we  can  not  expect  figures  more 
concordant  than  those  we  have  obtained.  Looking  at  the  figures  in 
columns  4  and  6,  we  can  not  find  any  conclusive  evidence  that  ozone 
altered  the  respiratory  metabolism.  Note  particularly  the  final 
experiment  (No.  7),  in  which  the  windows  were  shut  and  the  con- 
ditions even  all  through. 

Hie  ozone  was  given  in  a  concentration  that  made  the  air  smell 
quite  strongly,  and  in  some  cases  it  was  pushed  even  to  an  unpleasant 
degree.  Taking  these  figures  together  with  those  obtained  on  mice, 
we  must  conclude  that  we  have  failed  to  obtain  certain  evidence  that 
inhalation  of  ozone  in  weak  concentration  stimulates  the  respiratory 
metabolism,  i.  e.,  the  output  of  00,  and  use  of  O,.  On  the  other 
hand,  our  experiments  conclusively  show  that  any  considerable  con- 
centration x)f  ozone  depresses  the  respiratory  metabolism. 

We  think  that  the  beneficial  results  obtained  by  the  use  of  pure 
ozone  in  ventilation  must  be  reached  by  the  effect  of  ozone  on  the 
nervous  system — ^by  its  stimulating  the  mucous  membrane,  neutraliz- 
ing smells,  and  relieving  the  depressing  uniformity  of  close  air.  Our 
experiments  show  that  no  harm  results  to  man  from  breathing  air 
ozonized  till  the  air  smells  quite  strongly  c^  ozone,  for  periods  of 
half  to  one  hour. 

Perhaps  the  most  interesting  observation  made  in  the  research  is 
this:  TVhen  the  respiratory  tract  is  irritated  by  ozone  the  animal 
becomes  motionless,  sits  hunched  up  with  its  fur  erect,  tiius  showing 
the  signs  of  depression.  The  ozone  lessens  the  respiratory  exchange, 
reduces,  it  even  to  one-seventh,  at  a  tune  when  the  lung  shows  no 
changes  visible  to  the  naked  eye;  the  animal  adjusts  its  behavior  to 
this  condition,  and  keeps  very  still  and  quiet.  Its  body  temperature 
at  the  same  time  falls.  The  damage  to  the  lung  can  not  be  serious, 
since  this  depressant  effect  is  quite  evanescent. 


Digitized  by  CjOOQIC 


PHYSIOIiOGICAIi  INFLUENCE  OF  OZONE — HILL.  AND  FLACK,       627 

Tablb  IV. 


1. 

Subject  breathing 
tot  10  minutes. 

2. 

Amocmt 
Inspired, 
inUters: 

8. 

Amount 
ofCOiin 
sample. 

4. 

Amount 
ofCOi 
expired 

mfiSte. 

5. 

Or^^gen 
sample. 

6. 

Corrected 

amount  of 

oxygen 

taken  in 

minute. 

Remarks. 

L.W.: 

Air. 

87.4 
06.3 
99.8 

107.9 
100.3 
111.6 
96.9 
131.6 

107.8 
100.7 
86.02 

66.43 
68.45 

68.51 
66.96 

83.56 
93.37 

76.96 

97.81 

70.18 

68.6 
74.8 
92.4 
73.7 
67:6 
60.0 
46.6 

65.9 
60.2 
68.2 
66.8 
65.9 
68.7 
61.8 

4.21 
4.31 
4.18 

4.21 
3.93 
3.89 
8.90 
8.90 

4.06 
4.00 
4.06 

4.26 
8.86 
4.34 
3.53 

4.15 
3.66 

3.91 

3.48 

3.99 

4.19 
3.48 
3.80 
8.94 
3.80 
4.15 
3.01 

4.26 

5.06 

4.44 

4.280 

4.31 

4.31 

4.50 

867 
413 
409 

453 
393 
431 
387 
517 

487.6 

403 

348 

282,4 
226.7 
254.3 
236.3 

346.7 
340.8 

800.9 

340.3 

279. 9 

287.4 
260.3 
861.2 
290.4 
256.5 
249.0 
177.6 

280.07 
265.01 
280.60 
238.48 
284.02 
274.55 
278.10 

16.26 
16.09 
16.30 

16.63 

16.83 

16.4 

16.87 

17.07 

16.85 
16,75 
16.39 

16.195 
16.83 
16,104 
17.49 

16.5 
16.93 

16.86 

18.0 

16,78 

17.03 

17.438 

17.20 

16.43 

16.57 

16.32 

18.11 

16.15 
16.19 
16.91 
15.91 
16.05 
16.01 
15.93 

420.4 
475.5 
463.6 

466.2 
419.2 
516.9 
899.2 
501 

441 

425.8 
402.5 

323.6 
241.9 
291.1 
229.1 

375.2 
382.8 

866.6 

274.8 

396.8 

261.3 
262.3 
341.9 
841.3 
304.5 
285.0 
114.9 

325 

233.4 

827.3 

293.9 

331.5 

823.6 

318,8 

Nearly  asleep.    No  effort  with 

tube.  Window  open. 
Reading.    Effort  of  putting  on 

tube.  Window  shut 
Reading.    Effort  of  putting  on 

tube.    Window  open. 

Windows  open. 

Osone 

Air 

L.H.: 

Air. 

Do 

Do. 

Osone 

Windows  shut. 

Do 

Do. 

AlT... 

Window    open.    BotheiM    by 

L.H.: 

Air. 

valves. 
Windows  open. 

Do 

Do. 

0«me 

Windows  shut. 

8.E.: 

Air. 

Reading.    Windows  open. 

Do 

Do. 

Ozone 

Reading.    Windows  shut. 

Do 

Do. 

ICF.: 

Air. . . 

Reading.    Windows  open. 

Do 

Troubled      with      mouthpiece 

Osone 

sUghUy.    R.Q.89. 
Reading.    Wlndbw  shut.    R.Q. 

Do 

82. 
Reading.  Troubled  with  mouth- 

Air. 

pieoe  slightly.    R.  Q.  1 J5. 

A.  W.: 

AJr 

Windows  open. 

Do 

Do. 

OSODO 

Windows  shut 

Do 

Do. 

Do 

Do. 

Air 

Windows  open. 

Do 

Do. 

A.W.: 

Air 

Wfaidows  shut  all  the  time. 

Do 

Do. 

Do. 

Do 

Do. 

Do 

Do. 

Air. 

Do. 

Do 

Do. 
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In  pneumonia  we  see  the  same  thing;  the  patient  is  forced  by  the 
feeling  of  ilhiess  to  keep  quiet  in  bed.  How  this  adjustment  is 
brought  about  is  a  subject  for  further  research.  It  will  be  of  especial 
interest  to  see  the  effect  of  ozone  on  the  oxygen  partial  pressure  of  the 
blood.  We  would  draw  attention  to  the  fact  that  hi^  pressure  of 
oxygen  produce  inflammation  of  the  lung  (Lorrain  Smith,  L.  Hill, 
and  J.  J.  R.  Macleod)  similar  to  that  produced  by  ozone.  It  is  this 
resemblance  which  in  part  led  us  to  make  this  research. 

0ON0LU8ION8. 

( 1)  Ozone  is  a  powerful  deodorizer.  It  masks  rather  than  destroys 
smells.  Its  practical  value  in  relieving  the  nervous  system  from  the 
depressant  influence  of  an  unpleasant  odor  is  none  the  less  for  this. 

(2)  A  concentration  as  little  as  1  per  million  is  irritating  to  the 
respiratory  tract.  Exposure  for  two  hoiu^  to  a  concentration  of  15 
to  20  per  million  is  not  without  risk  to  life.  The  irritative  effect  and 
the  discomfort  produced  thereby — cou^,  headache — give  ample 
warning,  and  there  is  no  risk  from  inhaling  ozone  so  long  as  an  ouUet 
for  the  instinctive  escape  from  its  influence  is  open.  It  is  necessary 
that  systems  of  ventilation  in  which  ozone  is  used  should  be  dealt 
with  by  those  experienced  in  the  matter,  so  that  concentrations  may 
be  supplied  which  will  not  irritate  the  respiratory  tract. 

(3)  The  respiratory  metabolism  is  reduced  by  ozone,  in  concen- 
trations even  less  than  1  part  per  million.  There  is  no  conclusive 
evidence  of  a  preliminary  stimulation  of  metabolism  preceding  the 
fall. 

(4)  The  beneficial  effect  of  ozone  obtained  by  the  ozone  ventilating 
systems  is  to  be  explained  by  its  effect  on  the  nervous  system.  By 
exciting  the  olfactory  nerves  and  those  of  the  respiratory  tract  and 
skin,  it  may  reheve  the  monotony  of  close  air,  the  smell  of  tube 
railways,  in  cold  meat  stores,  hide  stores,  and  other  trades. 

(5)  There  is  no  harm  in  breathing  weak  concentrations  of  ozone, 
such  as  can  be  scarcely  sensed  by  a  keen  sense  of  smell. 

(6)  Ozone  in  somewhat  higher  concentrations  (1  per  million) 
may  have  some  value  as  a  therapeutic  agent  if  inhaled  for  brief 
periods;  by  irritating  the  respiratory  tract  it  may  act  as  a  blister  or 
fomentation  and  bring  more  blood  and  tissue  lymph  to  the  part. 
The  blood  and  tissue  lymph  contain  the  immunizing  and  curative 
properties.  It  seems  to  us  a  simple  and  convenient  way  of  applying 
a  '* blister"  to  the  respiratory  tract. 

This  research  has  been  carried  out  with  the  aid  of  a  grant  from  the 
London  Hospital  research  fimd. 

[Note  added  November  21, 1911. — ^We  have  found  that  exposure  for 
10  minutes  to  2  parts  in  10  millions  of  ozone  may  lower  the  rectal 
temperature  of  rats  as  much  as  3^,  while  control  rats  maintained 
their  normal  temperature  of  38.6**  C] 
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By  Plof.  H.  S.  BxLm^MJLW,  LL.  D.,  F.  R.  S.,  M.  Inst.  C.  B.,  M.  R.  I. 


The  Spirit  of  the  time  shall  teach  me  speed. — King  John. 

There  are  few  things  so  important  to  man  from  a  material  point  of 
view  as  the  power  of  locomotion;  seeing,  therefore,  that  in  this 
respect  he  is  far  less  well  endowed  by  natxire  than  many,  if  not  most, 
Hying  creatures,  it  is  no  wonder  that  he  has  striven  from  the  earliest 
times  to  overcome  his  inferiority  by  means  of  mechanical  devices. 
The  marvelous  results  of  these  unceasing  attempts  which  to-day  we 
enjoy,  or,  as  some  people  would  prefefr  to  say,  "take  advantage  of," 
are  accepted  by  most  of  us  as  a  mere  matter  of  course,  and  we  are 
further  apt  to  assume  that  the  progress  which  has  been  so  marked 
during  the  last  century,  and  particularly  in  recent  years,  will  con- 
tinue indefinitely.  Now,  quite  apart  from  mere  locomotion,  the 
question  of  speed  is  one  of  great  scientific  interest,  and,  more  than 
this,  it  is  the  real  test  of  the  power  of  locomotion.  This  is  not  a 
mere  accident,  but  has  its  root  in  something  far  deeper.  The  desire 
for  speed  is  a  quality  inherent  in  man,  and  is  doubtless  a  primordial 
instinct,  the  reason  for  which  we  see  in  all  other  animals,  being 
derived  from  prehistoric  ages.  Speed  was  from  the  first  a  necessity 
of  life  to  enable  the  weak  to  escape  from  the  strong  and  to  enable 
the  strong  to  prey  upon  the  weak,  and  men  depended,  just  as  much 
as  the  animals  did,  for  their  very  existence  on  fleetness  and  speed  of 
motion. 

From  what  few  and  somewhat  uncertain  records  we  have  of  the 
achievements  of  man  in  running  in  the  ancient  sports,  it  does  not 
seem  there  is  very  much  difference  between  his  powers  then  and  in 
modem  times.  As  to  modem  times,  we  find  that  for  the  short 
distance  of  100  yards,  and  for  the  longer  distance  of  a  mile,  the 
records  of  25  years  ago  still  stand,  notwithstanding  the  strenuous 
efforts  made  to  improve  upon  them  on  many  scores  of  occasions  each 
subsequent  year.  Thus  we  have  for  the  former  the  record  of  E. 
Donovan  in  1886,  21.3  miles  an  hour,  and  in  the  same  year  the  record 
of  W.  G.  George  for  the  mile,,  14.2  miles  an  hour,  which  have  never 
been  beaten;  while  for  one  distance,  that  of  200  yards,  the  record  of 

1  Leotnre  befi>re  the  Royal  Institution  of  Great  Britain,  Friday,  Mar.  31, 1911.    Reprlnted.by  permission, 
with  author's  addttkns,  firom  separate  of  FroceedlngB  of  Royal  lostitatkm. 
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Seward  in  1847,  or  64  years  ago,  still  stands.  In  fact,  a  study  of  all 
the  records  of  25  (iistances  shows  that  several  of  them  remain  un- 
broken after  comparatively  long  periods,  viz,  from  a  quarter  to  half 
a  century. 

Thus,  so  far  as  his  own  unaided  powers  of  locomotion  are  con- 
cerned, man  may  be  considered,  for  all  practical  purposes,  to  have 
reached  long  ago  the  limit  of  speed  possibility.  From  earliest  times, 
however,  he  has  brought  the  muscular  effort  of  other  animals  mto 
his  service,  and  has  devoted  his  intellect  toward  improving  their 
speed  for  his  own  uses.  You  will  see  graphically  recorded  in  figure  1 
the  speeds  of  all  the  Derby  winners  from  the  year  1856 — ^i.  e.,  for  more 
than  half  a  century.  The  average  speed,  which  may  be  taken  as 
somewhere  above  30  miles  an  hour,  has  doubtless  slightly  increased, 


2     ' 


ooo 


Fia.l.— Derby  winners  Hot  55  yean. 

but  it  will  be  seen  from  the  dotted  line  which  has  been  drawn  at  the 
top  of  the  maximum  speeds  what  comparatively  little  increase  has 
been  obtained  for  an  expenditure  of  the  many  miUions  represented 
directly  and  indirectly  in  the  training  and  breeding  of  these  horses, 
and  it  may  be  reasonably  assumed  that  here  again  the  limit  has  been 
reached  for  the  fleetest  animal,  by  the  aid  of  which  man  can  increase 
his  speed  of  locomotion  by  using  muscular  power  other  than  his  owil 
What,  then,  are  the  physical  reasons  for  this  limitation}  It  is 
not  due  to  the  chief  cause,  which  we  shall  see  later  puts  a  practical 
limit  to  very  high  speeds  in  mechanical  locomotion,  namely,  the 
resistance  of  the  atmosphere.  Neither  is  it  due  to  the  effective  work 
done  in  movement,  since  with  a  body  moving  along  a  level  plain — ^i.  e., 
at  a  constant  distance  from  the  earth's  center — this  effective  work  is 
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nil.  To  understand  the  matter  we  must  study  the  nature  of  animal 
locomotion.  The  surface  of  the  earth  is  rough,  sliding  along  it  being 
obviously  out- of  the  question;  nature  has  made  provision  for  animal 
movement  as  follows: .  One  part  of  the  body  first  rests  on  the  ground, 
another  part  supported  by  this  is  advanced,  being  raised  clear  of  the 
ground,  to  rest  in  turn  upon  the  ground  and  serve  in  turn  as  a  support, 
so  that  the  part  behind  may  be  raised  and  advanced  to  a  fresh  posi- 
tion. In  man  and  other  animals  the  feet  form  the  pomts  of  support 
for  this  process;  but  the  same  method  of  locomotion  is  employed  by 
creatures  without  feet,  which  have  to  crawl  or  glide,  such  as  snakes 
or  worms. 

This  process,  whether  with  animals  or  reptiles,  as  you  will  see, 
involves  in  the  raising  of  the  body  an  expenditure  of  work  which  is 
not  recovered,  and  further  an  expenditure  of  work  in  stopping  and 
starting  some  portion  of  the  body  in  its  movements.  My  assistant 
now  walks  in  front  of  the  blackboard  holding  a  piece  of  chalk  level 
with  his  head,  and  you  will  see  the  rising  and  falling  motion.  I  have 
prepared  a  wooden  model  to  represent  the  action  of  his  legs,  and  you 
will  see  that  these  legs,  being  equal  to  his  in  length,  produce  almost 
exactly  the  same  curve  imdemeath,  so  that  you  have  a  complete 
explanation  of  this  movement,  viz,  the  rotation  of  the  hip  about  the 
ankle  as  a  pivot.  There  is  a  third  case  of  loss,  namely,  the  energy 
involved  in  swinging  the  legs.  About  30  years  ago  the  distinguished 
French  professor,  Marey,  actually  investigated  the  loss  involved  from 
e!kch  of  these  three  causes,  and  I  have  on  the  wall  a  diagram  in  which 
you  will  see  all  three  given  graphically.  The  number  of  steps  per 
minute,  you  will  notice,  increases  until  a  pace  is  reached  when  it 
becomes  painful  to  walk  faster,  and  you  will  also  notice  from  the 
diagram  that  at  about  90  steps  per  minute  the  gait  changes  to  a  nm — 
that  is  to  say,  a  springing  action  takes  place,  the  hind  foot  leaving 
the  ground  before  the  front  is  put  down  upon  it. 

I  have  another  diagram  showing  how  the  length  of  stride  at  first 
increases  with  the  pace,  and  afterwards  begins  to  fall  off  before  the 
walking  breaks  into  a  run.  The  reason  why  a  man  or  an  animal 
changes  his  pace  at  this  point  is  obvious,  and  it  is  because  a  faster 
speed  is  possible  with  a  less  effort.  As  the  speed  of  running  is 
increased  the  total  effort  becomes  greater,  but  the  three  elements 
shown  on  the  diagram  are  differently  divided;  the  rise  and  fall  ele- 
ment is  less,  but  the  work  done  in  swinging  the  legs  is  more,  while  the 
chief  element,  in  the  muscular  effort  expended,  is  the  loss  of  energy 
involved  in  stopping  and  starting  as  each  spring  reaches  a  maximum. 
Time  does  not  permit  me  to  pursue  this  interesting  subject  further 
except  to  point  out  that  exactly  similar  causes  operiite  in  the  natural 
locomotion  of  other  animals  which  move  on  legs. 
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We  therefore  now  know  that  the  limit  of  speed  is  coniroUed  by  two 
factors: 

(1)  Physical  endurance,  owing  to  the  expenditure  of  work  occur- 
ring at  an  increasing  rate  as  the  speed  is  increased. 

(2)  The  physical  impossibflity  of  giving  a  reciprocating  moveaieiit 
to  the  legs  quicker  than  a  certain  limited  period  of  time. 

I  have  prepared  a  chart  (fig.  2)  which  shows  the  maTimum  recorded 
velocities  of  man's  progression  in  walking  and  running.  The  speeds 
are  set  up  as  vertical  ordinates,  and  the  abscisssB  represent  the  dis- 
tances over  which  the  respective  speeds  were  maintained.     It  will  be 
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seen  that  the  maximum  speed  of  walking  is  about  9  miles  an  hour 
for  a  short  distance,  but  when  the  long  distance  of  100  miles  is  covered, 
the  quickest  rate  recorded  falls  to  5}  miles  an  hour.  For  running, 
the  quickest  speed  which  I  have  mentioned,  viz,  21}  miles  an  hour 
for  100  yards,  falls  to  7}  miles  an  hour  as  the  average  speed  for  a  dis- 
tance of  100  miles. 

We  do  not  know  the  speed  of  the  original  historical  run  from  Mara- 
thon to  Athens,  but  we  do  know  that  Dorando  ran  the  modem  Marathon 
from  Windsor  Castle  to  the  stadium  at  Shepherd's  Bush,  a  distance  of 
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26  miles  385  yards  in  (to  be  exact)  2  hours  55  minutes  18f  seconds,  or 
at  the  rate  of  9  miles  per  hour^  which,  you  see,  fits  very  well  on  our 
curve. 

We  may  notice  in  passing  that  in  walking  fast  and  starting  to  run 
the  arms  swing  in  time  with  the  opposite  leg,  as  in  the  modem  picture 
on  the  diagram  exhibited.  In  the  picture,  however,  copied  on  the 
same  diagram  from  an  ancient  Greek  vase,  although  the  attitude  of 
the  legs  is  the  same,  it  might  appear  at  first  sight  as  if  the  arms  were 
swinging  in  the  contrary  way.  As  a  matter  of  fact,  a  closer  examination 
shows  that  in  all  the  figures  on  the  vase  the  arms  are  in  the  same  posi- 
tion, although  the  legs  are  in  different  phases.  This  seems  to  indicate 
that  the  arms  of  a  Greek  runner  were  held  in  a  fixed  position,  as  shown, 
and  from  the  position  of  the  hands,  with  the  evident  intention  of  cut- 
ting the  wind.  If  this  is  true,  it  indicates  that  even  then  it  was  clearly 
recognized  that  if  there  was  any  effect  of  the  wind  it  was  just  as 
important  behind  as  in  front,  a  matter  I  shall  have  to  allude  to 
hereafter. 

What  man  can  do  by  his  muscular  effort  in  the  water  is  shown  by 
the  small  curve  in  the  comer.  The  greatest  distance  shown  (fig.  2)  is 
about  21  miles  by  Capt.  Webb  at  about  1  mile  per  hour,  although  for 
a  short  distance  it  will  be  seen  that  a  man  can  swim  at  about  4  miles 
per  hour.  I  do  not  put  in  flying,  because  man  has  not  yet  flown  by 
his  own  muscular  effort,  and  flying  men  to-day  are  using  engines  of 
from  20  to  100  horsepower, i.  e.,  from  200  to  1,000  man  power.  Gliding 
per  se  is  no  more  than  falling  through  the  air  (more  or  less)  gradually, 
as  in  a  parachute. 

Before  proceeding  to  see  what  man  has  done  to  increase  his  powers 
of  purely  muscular  locomotion  by  means  of  mechanical  devices  we  wiQ 
study  the  details  of  locomotion  in  the  other  animals.  We  are  able  to 
do  this  by  the  method  of  Mr.  Muybridge,  since  developed  in  the  inven- 
tion of  the  cinematograph,  and  which  was  explained  by  Ifo.  Muy- 
bridge for  the  first  time  in  this  country  about  30  years  ago  in  a  lecture 
in  this  hall. 

Take  first  the  galloping  horse.  The  lantern  diagram  shows  clearly 
the  various  phases  in  the  action  of  a  horse,  and  shows  how  the  animal 
is  not  only  able  to  attain  its  high  speed  by  its  length  of  stride,  but  by 
doing  what  man  can  not  do  to  the  same  extent — drawing  up  its  body 
and  in  springing  forward,  using  alternately  its  fore  and  hind  feet,  so  as 
to  get  a  stride  which  no  two-footed  creature  could  attain  on  the  level 
groimd.  I  may  point  out  that  the  kangaroo,  though  using  only  two 
legs,  makes  effective  use  of  its  tail  in  the  spring.  The  horse  springs 
clear  of  the  groimd  off  its  forefeet,  only  you  will  notice  that  it  uses 
both  its  fore  and  hind  legs  as  the  spokes  of  a  wheel  on  which  it  rolls 
when  walking  (exactly  as  man  does),  though  it  rolls  and  swings 
alternately  in  galloping.    The  same  kind  of  diagram  could  be  con- 
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stnicted  for  the  effort  exerted  at  different  speeds  by  the  horse,  as  has 
been  produced  by  Marey  for  the  man,  only  the  distribution  of  energy 
would  probably  be  very  different. 

Turning  next  to  other  animals,  it  is  interesting  to  obeerye  that  a 
greyhound  gets  its  high  speed  in  proportion  to  its  size  owing  to  the 
great  flexibility  of  its  long  body,  which  enables  it  to  draw  its  hind 
kgs  forward  each  time  for  the  next  bound,  and  also  bound  forward 
both  from  its  fore  and  hind  l^;a.  The  other  animals  in  galloping 
h^ye  each  the  same  general  kind  of  movement,  althou^  the  deer, 
curiously  enough,  only  bounds  from  its  hind  legs,  and  differs  in  this 
respect  from  the  horse;  and  also  it  will  be  noticed  the  want  of 
flexibility  in  the  body  of  an  animal  may  be  one  of  the  causes  of  its 
relatively  slow  speed.  But  whether  it  be  man,  horse,  d(^,  or  any. 
other  animal,  the  same  characteristic  is  found,  nan^ely,  that  locomo- 
tion, apart  from  the  bounding  action,  takes  place  by  a^ort  of  rolling 
action  on  the  ground.  The  idea  which  had  persisted  since  the 
delineation  of  horses  in  Assyrian  and  Egyptian  pictures,  that  both 
the  fore  or  both  the  hind  legs  are  put  on  the  ground  simultaneously, 
is  thus  exploded.    As  Mr.  Muybridge  truly  said: 

When,  daring  a  gallop,  the  fore  and  hind  legs  are  severally  and  consecntively  thrust 
forward  and  backward  to  their  fullest  extent,  their  comparative  inaction  may  create 
in  the  mind  of  the  careless  observer  an  impression  of  indistinct  outlines;  these  suc- 
cessive appearances  were  probably  combined  by  the  earliest  acalptors  and  painten, 
and  with'  grotesque  exaggeration  adopted  as  the  solitary  position  to  illustrate  great 
speed. 

As  a  matter  of  fact,  each  leg  in  turn,  as  it  rests  on  the  ground, 
stops  for  a  moment  just  as  much  as  in  the  forward  position  aboTe 
mentioned,  and  if  you  watch  a  dog  galloping  you  can  see  quite 
clearly  the  rolling  stroke  action  I  have  mentioned. 

With  the  above  facts  in  mind,  we  can  understand  exactly  the 
limitations  to  animal  locomotion.    In  the  words  of  Mr.  Muybridge: 

When  the  body  of  an  animal  is  being  carried  forward  with  uniform  modon,  the 
limbs  in  their  rektion  to  it  have  alternately  a  progressive  and  a  retrogressive  actkm, 
their  various  portions  accelerating  in  comparative  speed  and  repose  as  they  extend 
downward  to  the  feet,  which  are  subjected  to  successive  changes  from  a  condition 
of  absolute  rest  to  a  varying  increased  velocity  in  comparison  with  that  of  the  body. 

Hence,  all  animal  locomotion  absolutely  lacks  that  continuity  of 
movement,  the  production  of  which  we  shall  see  is  the  distinguishing 
feature  and  the  direct  cause  of  the  high  speeds  attained  in  mechanical 
locomotion. 

The  exchange  of  the  intermittent  movement  of  nature  for  one 
having  the  desired  continuity  of  movement  has  been  effected  by  meaiis 
of  what  is  possibly  the  greatest  and  yet  the  simplest  of  all  human 
inventions,  namely,  the  wheel.  The  wheel  was  made  and  used  prob- 
ably thousands  of  years  before  man  learned  to  replace  muscular  eflFort 
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by  that  of  steam  and  the  other  forces  of  nature,  the  origin  of  the 
wheel  being  absolutely  lost  in  antiquity. 

From  the  models  which  I  now  show  will  be  noticed  the  way  in 
which  the  wheel  acts  and  how  it  overcomes  the  defect  of  animal 
locomotion,  giving  a  rotary  and  continuous  movement  instead  of  a 
reciprocating  and  variable  one.  At  one  and  the  same  time  the  wheel, 
therefore,  does  away  with  the  three  causes  of  loss  shown  in  the 
diagram  as  occurring  with  animal  locomotion.  The  mere  use  of  the 
wheel  has  enabled  man  himself,  by  his  own  muscular  effort,  enoiv 
mously  to  increase  his  individual  power  of  locomotion.  The  top 
curve  on  figure  2  shows,  in  comparison  with  the  other  curves  of 
walking  and  running,  his  unpaced  records  on  a  bicycle,  in  using 
which  it  will  be  realized  that  all  three  causes  of  loss  which  occur  in 
running  and  walking  are  obviated.  You  will  notice  a  similar  differ- 
ence in  speed  jas  the  distance  varies  to  that  which  is  made  evident  in 
the  curves  for  walking  and  running.  For  the  distance  of  100  miles 
the  average  speed  is  thus  only  21  miles  an  hour,  while  that  for  a  one- 
foiu1;h  mile  is  more  than  35  miles  an  hour.  In  view  of  the  results 
shown:  by  the  curve,  it  is  not  surprising  that  the  bicycle  has  entered 
largely  into  the  conditions  of  modem  life.  I  am  not  able  to  give  yOu 
any  exact  figures  of  the  quantity  of  bicycles  turned  out  each  year  in 
this  country,  but  I  can  tell  you  that  in  the  post  office  alone  there  are 
now  12,000  bicycles  employed,  and  their  number  is  always  on  the 
increase;  the  distance  covered  on  them  by  men  and  boys  in  the  year 
is  mcrre  than  120,000,000  miles. 

I  have  not  dealt  with  paced  bicycle  records,  as  such  are  not  the 
result  of  muscular  effort,  but  of  being  pushed  along  by  the  current 
of  wind  which  follows  up  the  pacing  machine,  such  as  occurs  when  a 
man  on  a  "push"  bicycle  is  paced  by  a  motor  vehicle.  In  a  record 
first  set  up  in  America  for  60  miles  an  hour  on  a  bicycle,  a  man  was 
paced  by  a  locomotive  engine,  running  at  60  miles  an  hour  along  a 
special  track;  the  rider  was  nearly  killed  when  he  tried  to  drop 
behind,  owing  to  the  whirlwind  which  was  being  dragged  along  by 
the  engine;  ultimately  his  life  was  saved  by  his  being  lifted  bodily 
off  his  bicycle  onto  die  locomotive.  There  is  no  record  as  to  what 
became  of  the  bicycle. 

Curiously  enough,  records  for  ice  skating  and  roller  skating  are 
almost  the  same,  and  far  below  that  on  the  bicycle,  which  I  think 
proves  distinctly  that  the  reciprocating  movement  of  the  limbs  limits 
man's  powers,  whether  he  is  sliding  on  the  ice  or  using  wheels  as  with 
roller  skates.  This  is  so,  notwithstanding  that  he  carries  along 
with  him  when  on  a  bicycle  the  extra  weight  of  the  bicycle,  but  the 
reciprocating  movement  of  his  l^s  is  so  slow,  owing  to  the  gearing 
up  of  the  driving  wheel,  as  to  give  him  the  material  advantage  shown 
by  the  respective  curves.    Further,  in  skating,  there  is  no  doubt  that 
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the  moyemait  of  hk  limbs  enUils  a  certain  amount  of  rising  and 
falling,  as  well  as  redprocatmg  motion  and  consequent  loss  which 
occurs  in  running. 

Now,  in  theory,  the  wheel  is  perfect,  and  in  tiie  case  of  a  perf ecdy 
hard,  circular  wheel,  rolling  on  a  perfectly  hard  track,  there  should 
be  no  resistance.    This  you  can  well  imagine  from  the  lantern  modd 
which  I  now  show  in  o{>eration.    In  this  there  is  no  appreciaUe  resis- 
tance, but  it  is  just  in  this  direction  tJiat  the  wheel   has  drfects 
unknown  to  nature's  methods,  since  men  and  animals  more  upon  die 
ankle  joint  in  a  quite  superior  way  to  the  rolling  of  an  ordinary  whed. 
In  passing  I  may  remai^  that  the  more  man  improves  the  roads,  and 
the  higher  his  standard  of  locomotion  becomes,  the  more  will  he  feel 
the  need  of  a  mechanical  walking  machine  (it  will  be  a  walking 
machine,  though  possibly  moving  at  20  miles  p^  hour)  to  pn^iress 
oyer  parts  of  the  earth  where  roads  do  not  exist,  or  are  still  in  an  eril 
condition.    The  better  his  mechanical  appliances  for  producing  such 
a  walking  machine,  the  sooner  will  this  come  about,  as  this  is  really 
a  vital  factor  in  the  solution  of  the  problem.     No  wheel,  however,  is 
quite  hard  and  round,  and  no  road  is  quite  hard  and  smooth,  and  thcare 
is  always  an  arc  of  contact,  more  or  less  appreciable,  which  causes  a 
loss,  since  rubbing  takes  place  instead  of  true  rolling,  as  shown  in  the 
next  lantern  slide.    The  next  lantern  working  model  I  show  illustrates 
the  other  eflFect,  in  which  the  wheel  meets  obstacles  and  is  deflected 
by  them  from  its  course,  giving  exactly  the  same  kind  of  loss  which  I 
showed  you  takes  place  with  a  man  in  walking,  and  which  is  made 
apparent  by  making  the  car  write  its  own  record  on  a  piece  of  smoked 
glass,  exactly  as  my  assistant  wrote  his  record  of  rise  and  fall  on  die 
blackboard. 

Thus  there  are  two  ways  in  which  the  wheel  can  be  improved : 

(1)  By  perfecting  the  wheel  and  hardening  the  track — and  that  is 
the  secret  of  the  development  of  the  railway  system. 

(2)  By  causing  the  obstacle  to  be  absorbed  in  the  tire  of  the 
wheel — that  is  the  real  secret  of  the  success  of  the  pneumatic  tire. 

The  working  model  now  on  the  screen  illustrates  the  latter  point, 
and  shows  at  once  how  the  three  causes  of  resistance  to  animal  loco- 
motion are  overcome. 

To-day  we  can  replace  the  muscular  energy  of  man  by  almost  un- 
limited mechanical  power,  and  figure  3  is  a  comparative  speed  chart, 
which  I  have  prepared  and  which  indicates  the  enormous  advance  in 
the  speed  record  which  has  been  made  over  the  best  unaided  muscular 
^orts  of  any  animal.  It  is  curious  to  see  that  the  highest  speed  ever 
attained  on  a  railway  is  closely  approached  by  that  obtained  with 
motor  vehicles.    The  records  for  the  latter  are  as  follows : 

The  Darracq  car  of  200  horsepower  has  done  122 J  mfles  an  hour 
for  2  miles.    A  Fiat  car,  driven  by  Nazarro  at  BrooUands,  126  miles 
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an  hour.    A  Stanley  steam  car^  127  miles  an  hour^  and  a  Benz  car 
has  done  127^  miles  an  hour. 

The  maximum  recorded  speeds  of  a  railway  were  on  the  experi- 
mental line  of  Messrs.  Siemens,  on  the  Berlin-Zossen  High  Speed 
Kailway,  where  a  speed  of  rather  more  than  130  miles  an  hour  was 
attained.  The  electric  current  employed  was  10,000  volts,  400  horse- 
power motors  being  used.  On  the  Marienfel-Zossen  experimental 
line,  the  speed  attained  with  250  horsepower  was  apparently  rather 
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no.  8.— Graphical  table  of  maTlmum  speeds. 

less,  though  in  that  locomotive  four  motors  were  employed,  the 
current  being,  as  in  the  other  case,  10,000  volts.  The  lantern  dia- 
grams are  a  picture  of  the  vehicles  actually  employed,  and  of  the 
track  on  which  the  experiments  were  made.  As  a  set-off  against  the 
sober  engineering  pictures,  I  show  a  picture  taken  from  an  American 
motor  journal,  illustrating  a  motor  vehicle  and  locomotive  at  top 
speed,  the  former  passing  on  a  level  crossing  in  front  of  the  latter. 
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The  foregoing  are  the  record  speeds  so  far  obtained  of  mechanical 
locomotion,  and  it  will  be  interesting  to  see  what  are  the  record  speeds 
attained  in  the  other  elements.  Until  the  other  day,  as  Mr.  Parsons 
told  US  in  his  lecture,  the  s]>eed  on  water  which  has  never  been  ex- 
ceeded was  that  of  the  ill-fated  turbine  boats,  Viper  and  (Johra,  of 
about  43  miles  an  hour.  The  ship  which  at  present  holds  the  record 
for  speed  is  the  torpedo  destrojer  Tartar,  built  hj  Messrs.  JohnThomy- 
dof  t ;  this,  under  Admiralty  tests,  giving  a  speed  of  41  miles  sn  hour. 

The  diagram  (fig.  4)  shows  in  an  interesting  manner  what  the 
progress  in  speed  has  been  for  this  class  of  boats  diuing  the  last  few 


Fio.  4.-'Speed  reoords  for  Thomycrof  t  wanhlps  and  motor  boats. 

years,  and  may  be  taken  as  typical,  and  about  which  curves  Sir  John 
Thomycrof t  writes  as  foUows: 

I  do  not  think  the  curve  would  be  niaterially  altered  if  vesaelfl  of  other  builders  were 
brought  In,  although  there  would  naturaily  be  more  points  on  it. 

I  am  able,  however,  to  give  you  the  results  to-night  of  something 
which  has  altogether  put  in  the  shade  even  the  speeds  of  the  two  first- 
mentioned  boats.  This  has  been  attained  by  a  boat  which,  thou^ 
corresponding  in  some  respects  with  previous  hydroplane  boats,  has 
been  designed  by  Sir  John  Thomycrof  t  to  possess  a  certain  amount 
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of  seaworthiness.  The  rate  of  progress  in  the  increasing  speeds  in 
this  class  of  boat  is  shown  on  a  separate  curve  (fig.  4),  from  which 
you  will  see  that  the  celebrated  Miranda  held  as  a  hydroplane  the 
record  with  the  Tartar  for  speed,  the  Ursula  also  holding  the  record 
of  about  the  same  speed  as  a  motor  boat.  Only  a  few  days  ago,  how- 
ever, the  new  boat  Maple  Leaf  III  has  attained  the  extraordinary 
speed  of  nearly  50  knots;  that  is  to  say,  a  speed  approaching  60  miles 
an  hour,  using  600  horsepower  to  effect  this  speed.  To  use  a  vulgar 
expression,  this  certainly  smashes  all  previous  records  for  speed.  I  do 
not  pretend  to  give  exact  figures  in  this  case,  because  such  have  not 
been  officially  taken,  but  the  statement  is  probably  on  the  low  side  as 
the  boat  has  not  been  yet  properly  tuned  up.  You  will  see  one 
remarkable  thing  from  the  ciirve,  namely,  that  the  rate  of  progress  has 
been  so  rapid  in  this  class  of  boat,  and  the  curve  rises  so  steeply,  that 
in  about  three  months'  time  there  is  due  from  Sir  John  Thomycrof t  a 
boat  which  will  travel  at  about  100  mUes  an  hour.  I  am  afraid,  how- 
ever, it  would  not  be  fair  to  press  this  graphical  argument  quite  so  far. 
Through  the  kindness  of  Sir  John  Thomycroft  and  Mr.  Edgar,  the 
owner  of  the  Maple  Leaf,  I  am  able  to  show  both  the  Miranda  and 
the  Maple  Le(rf  IIL  The  latter,  you  will  see,  is  traveling  at  such 
an  extraordinary  rate  that  the  water  which  is  lifted  up  does  not 
fall  to  the  surface  again  until  the  boat  itself  has  traveled  several 
lengths  away.  You  may  be  interested  to  see  a  model  of  this  last  boat, 
which  has  been  kindly  prepared  for  me  to  show  to-night,  as  well  as  the 
Tartar  and  Miranda.  You  will  notice  the  form  of  the  Maple  Leaf 
III  is  that  of  a  steeped  hydroplane,  which  in  a  modified  form  was 
first  su^ested  by  Mr.  Bamus  many  years  ago;  it  is  the  secret  of 
placing  the  weight,  and  also  the  development  of  light  engines  giving 
large  horsepower,  which  has  enabled  the  dream  of  Mr.  Ramus  to  be 
fulfiUed. 

Turning  to  the  last  of  the  three  elements,  namely,  air,  it  was  my 
intention  to  have  dealt  mth  it  at  greater  length  than  I  now  find  it  is 
possible  to  do,  but,  thanks  to  the  daily  press  and  illustrated  journals, 
this  subject  is  as  fresh  in  the  minds  of  everybody  as  it  is  familiar.  It 
is  not  necessary  in  this  room  to  remark  that  the  wild  talk  of  almost 
incredible  speeds  has  very  little  foundation.  Bodies  move  quickly 
enough  in  the  air,  and  very  often  far  too  quickly,  but  what  is  gener- 
ally overlooked  is  that  the  difficulty  of  the  problem  lies  in  the  matter 
of  supporting  the  body  in  the  air  rather  tiian  moving  through  it,  a 
problem  which  is  very  much  simpler  for  land  and  water.  The. 
human  body  itself,  while  of  about  equal  specific  gravity  with  water,  is 
about  800  times  as  heavy  as  air,  and  probably,  taken  in  conjunction 
with  the  motor  and  aeroplane,  the  weight  which  has  to  be  supported 
is  several  thousand  times  as  heavy  relatively  to  the  air  which  it  dis- 
places.   Inasmuch  as  tiie  support  of  the  air  neoeesitates  the  use  of  an 
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indined  plana  and  a  oorreapcniding  expenditure  of  energy,  the  speeds 
made  horizontally  and  independently  of  the  wind  have,  at  the  jfteaeoi 
time,  barely  exceeded  half  the  record  speeds  made  <m  wheel  T^des. 
As  a  matter  of  fact,  only  the  other  day  the  record  for  passenger  fli^ 
was  broken  by  M.  Meuport  at  Mourmelon,  when  he  flew  with  two 
passengers  for  Ih.  4m.  SSfe.,  and  covered  68.35  miles  at  an  average 
speed  of  63  miles  per  hour.  It  is  difficult  to  say  exactly  ^idiat  the 
true  speed  at  present  is  roimd  a  course,  but  we  may  safely  take  it 
as  probably  under  70  miles  an  hour,  the  record  behig,  so  far  as  I 
have  been  able  to  ascertain,  by  M.  Nieuport  on  March  9  this  year 
at  Chalons — 68  miles  168  yards  in  the  hour. 

We  now  see  the  relative  position  of  the  record  speeds  in  the  three 
elemoits  on  our  speed  chart  (fig.  3),  and  it  is  obvious  that  while  cm 
land  the  speed  has  been  far  exceeded  ci  the  fastest  animal,  on  wattf 
it  has  |»t>bably  only  recently  surpassed  that  speed,  while  in  the  air,  in 
all  int)babiUty,  it  is  still  considerably  below  it.  We  must  not,  how- 
ever, from  tlids  argue  that  flying  speeds  will  for  safe  flying  machines 
rise  so  far  beyond  that  of  birds  as  land  loc(Hnotion  has  risen  above 
the  speed  of  animals,  for  it  looks  as  if  the  speed  records  on  land 
would  be  at  least  equal  lor  some  time,  if  not  greater,  than  that 
possible  with  safety  in  the  air.  At  the  same  time  there  is  no  doubt 
that  speed  is  the  one  great  factor  of  safety  in  ftying,  and  amal  speed 
recorcb  are  sure  to  go  cm  rising  year  by  year,  but  time  does  not 
permit  me  to  pursue  this  subject  further  to-ni^t. 

Instead  of  vague  surmises  as  to  what  may  be  d<me  in  the  future, 
let  us  spend  a  few  minutes  looking  into  the  question  of  these  limits. 
The  two  chief  things  on  whkdi  the  limit  of  speed  in  locomotion  will 
depend  are: 

(1)  The  motive  power  available. 

(2)  The  resistance,  and  the  nuomer  in  which  those  resntances 
operate. 

But  inasmuch  as  we  are  not  merely  considering  ihB  human  body 
as  a  projectile,  we  do  not  take  into  account  such  speeds  as  have  been 
attained  by  man  in  such  ways  as,  for  instance,  in  a  high  dive,  say,  of 
neariy  100  miles  an  hoinr,  or  even  the  thrilKng  descents  such  as  are 
made  in  a  bobsleigh.  We  must  really  consider  speeds  whidi  can  be 
made  with  safety;  and  there  are  two  further  questions  which  arise: 

(1)  Knowledge  as  to  possible  obstacles,  coupled  with  a  power  of 
safely  stopping  within  the  distance  to  which  our  knowledge  extends, 
i.  e.  signaling  and  brakes. 

(2)  Vibration. 

These  two  latter  really  limit  conditions  of  hi^  speed  for  practical 
traveling. 

In  daily  life  the  limiting  conditions  of  speed  in  traveling  depend 
largely  on  the  distance  in  which  we  can  safely  come  to  rest.    As 
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the  population  increases  and  there  is  less  room  for  everybody,  the 
question  of  brakepower  becomes  more  and  more  important,  and 
mth  it,  of  course,  the  power  of  starting  from  rest  quickly,  or,  to  put 
it  in  scientific  words,  the  power  of  rapidly  effecting  both  positive 
and  negative  acceleration.  We  are  very  differently  constructed  from 
the  particles  of  air  in  which  we  live,  and  do  not  yet  travel  as  fast, 
but  fortunately,  as  yet,  we  are  not  quite  so  crowded,  since,  according 
to  Lord  KelviQ,  they  move  about  amongst  each  other  at  the  ordinary 
atmospheric  temperature  and  pressure  at  an  average  speed  of  1,800 
miles  an  hour,  and  they  can  not  avoid  fewer  than  5,000  million  col- 
lisions in  every  second.  As  you  see  in  the  streets,  and  as  I  shall 
show  you  with  regard  to  suburban  traffic,  high  speed  is  becoming 
more  and  more  a  question  of  starting  and  stopping  rapidly.  I 
remember  in  the  early  days  of  cycle  racing,  in  order  to  lighten  the 
machine,  the  racing  men  had  no  brake,  until  they  found  what  is  now 
well  recognized — that  the  speed  at  which  you  can  travel  depends 
upon  the  safe  distance  in  which  you  can  stop.  I  can  iQustrate  this 
by  dropping  an  egg  from  the  dome  of  this  building,  which  I  can  do 
without  causing  it  any  injury,  even  when  it  is  traveling  at  30  miles 
an  hour,  if  I  have  proper  means  for  bringing  it  to  rest.  I  also  drop 
a  wineglass  from  the  same  height  and  bring  it  to  rest  quite  safely. 

Owing  largely  to  the  perfection  of  the  continuous  brake,  the  speed 
records  obtained  on  several  railways  are  from  96  to  98  miles  an  hour, 
which  I  have  put  down  on  the  diagram,  and  it  is  possible  that  100 
miles  an  hour  has  been  reached,  and  even  exceeded;  but  this  is  a  very 
different  matter  from  the  highest  express  running  which  iff  f oimd 
really  practicable.  You  will  see  on  the  speed  chart  (fig.  3)  a  line 
indicating  the  average  railway  speeds  of  the  fastest  running  (without 
stopping)  for  the  15  principal  railways  of  the  country.  The  average 
distance  of  the  quick  runs  is  51.7  miles,  and  the  average  fastest  run- 
ning is  56.2  miles  per  hour.  On  either  side  of  this  line  are  the  two 
fastest  speeds  namely,  61^  miles  per  hour  for  44^  miles  on  the  North- 
eastern Railway  from  Darlington  to  York,  and  the  lowest  of  these  is 
51  miles  an  hour,  over  the  51  miles  from  Victoria  to  Brighton  on  the 
London,  Brighton  &  South  Coast  Railway.  This  shows  how  little 
the  high  speeds  of  all  the  railways  of  this  country  differ  from  one 
another,  and  indicates,  at  any  rate  for  the  present  conditions,  the 
highest  speeds  of  traveling  found  suitable  to  our  wants. 

I  will  take  as  another  illustration  of  actual  traveling  the  case  of 
suburban  traffic;  and  we  have  only  time  for  one  example,  namely, 
the  traffic  from  the  Mansion  House  to  Ealing  on  the  Metropolitan 
&  District  Railway,  the  details  of  which  have  been  kindly  provided. 
by  Mr.  Blake,  the  superintendent  of  the  line.  Figure  5  shows  in 
88734^— BM  1911 41 
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graphical  fonn  the  quickening  in  speed  from  the  opoiing  of  the 
line  in  1880  to  the  present  time.  You  will  notice  that  this  increase 
of  speed  has  been  followed  by  remarkaUe  results;  the  first  immedi- 
ate result  is  the  possibility  of  a  greater  number  of  trains,  and  the 
curve  of  the  rise  in  the  number  of  trains  is  shown  on  the  diagram; 
but  the  really  significant  feature  is  the  rise  in  the  number  of  pass^i- 
gers  carried,  35,000,000-72,000,000,  which  is  the  direct  result  of  the 
increased  facility  in  trareling.     Now,  it  is  in  such  a  case  that  the 

importance  of  the  sig- 
naling and  brakingcome 
to  be  almost  preemi- 
nent, quite  apart  from 
the  mere  mechanical 
problem. 

I  may  point  out  that 
the  District  Raflway, 
in  conmion  with  most 
other  electric  railways 
of  this  country,  has 
what  is  known  as  a 
"track  system  of  signal- 
ing," which  apart  from 
the  fact  that  the  driver 
holds  what  is  known  as 
''the  dead  man's  han- 
dle," which  ui)on  being 
released  causes  the  tram 
to  stop,  the  train  inde- 
pendently stops  itself 
upon  coming  to  a  por- 
tion of  the  line  not 
cleared  by  the  previous 
train. 
I  have  given  you 
some  examples  that  this  country  is  not  so  far  behind  as  we  are  so 
often  told;  and  we  have  another  in  the  fact  that  the  District  Rail- 
way has  created  a  most  beautiful  system,  by  which  the  signalman 
is  now  absolutely  independent  of  fog  or  darkness;  he  can  see  every 
train,  or  rather  its  picture,  as  it  moves  along  the  track  in  an  illumi- 
nated diagram  in  front  of  him.  No  one  could  watch,  as  I  have  had 
the  privilege  of  doing,  the  operation  of  this  system  in  a  signal  box 
without  feeling  certain  that  it  must  become  universal  in  a  very  short 
time.  You  may  like  to  see  an  actual  panel  from  a  signal  box  and  a 
view  of  what  the  interior  is  like  with  the  signalman  operating, 
instead  of  cumbrous  levers,  only  a  few  small  handles. 
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With  Tegard  to  the  question  of  vibration  and  oscillation^  these  are 
gradually  being  diminished  as  machinery  is  perfected,  and  you  will 
see  from  the  model  illustration  that  they  are  important  and  may 
become  very  serious.  They  have,  for  instance,  given  Mr.  Brennan 
much  trouble  in  perfecting  his  wonderful  monorail,  with  which  we 
shall  yet  perhaps  see  every  record  broken;  and  you  will  remember 
Mr.  Parsons's  statement  in  tins  hall  a  week  or  two  ago  that  an  ounce 
out  of  balance  on  the  Laval  turbine  represents  an  actual  pull  at  the 
axle  of  no  less  than  a  ton. 

There  are  many  other  features  which  I  have  not  time  to  enter 
into.  There  is  one,  however,  which  I  will  briefly  touch  upon,  as  it 
is  the  secret  of  our  safe  railway  traveling.  I  will  Illustrate  the  mat- 
ter by  an  experiment  in  which  a  pair  of  wheels  connected  by  an 
.axle  keyed  firmly  to  both  are  made  to  run  along  a  pair  of  rails.  You 
will  notice  that  the  wheels  are  "coned"  instead  of  having  cylindrical 
rims,  and  it  is  easy  to  see  that  any  movement  sidewise  is  at  onco 
corrected  automatically,  and  within  certain  limits  no  rim  at  all  is 
required  for  the  flanges  in  order  to  keep  the  wheels  upon  the  rails. 
The  same  model  illustrates  the  important  property  of  "super-eleva- 
tion" appUed  to  the  outer  rail  of  a  curve.  You  will  see,  with  proper 
super-elevation,  the  wheels  run  safely  around  this  sharp  curve  even  at 
a  h%h  speed.  Time  does  not  permit  me  to  enter  at  any  length  on 
the  question  of  development  of  power  or  the  nature  of  resistance  to 
motion.  I  will  content  myself  with  saying  that  with  regard  to  the 
former  we  have  already  seen  that  the  power  of  flight  has  been  made 
possible  by  the  invention  of  the  small  high-power  internal-combustion 
engin€$,  and  it  is  to  the  same  invention  that  the  marvelous  speeds 
obtained  with  small  boats  is  due.  We  can  scarcely  realize  what  will 
be  the  result  when  the  internal-combustion  engine  has  been  developed 
further  for  the  purpose  of  locomotion.  Our  prospects  of  a  further 
great  advance  in  speed  record  breaking  appears  to  lie  in  this  direction, 
and  we  already  hear  of  a  new  car  of  250  horsepower  with  which  a 
speed  of  140  miles  per  hour  is  confidently  expected. 

On  water,  as  on  land,  our  actual  speed  of  traveling  falls  far  below 
maximimi  speed  records,  and  we  do  not  commercially  travel  at  much 
more  than  half  the  possible  speed,  as  you  see  from  figure  3,  where 
the  speed  of  the  Mauretarda  is  shown  graphically.  Figure  6  is  a 
chart  of  the  progress  of  Atlantic  shipping,  taking  the  Cunard  line  as 
an  example,  and  these  curves  indicate  that  the  rate  of  increase  of 
horsepower  and  tonnage  is  rising  far  faster  than  the  rate  of  speed 
and  indicates  how  relatively  highly  the  rate  of  power  has  increased 
for  the  gain  of  speed. 

We  have  now  passed  briefly  in  review  the  nature  of  the  problems 
which  confront  us  in  our  continuous  efforts  to  increase  the  safe  and 
practical  speeds  of  mechanical  locomotion.    We  see  that  at  the  root 
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of  it  all  lies  the  question  of  artificial  power  and  the  harrMwring  in 
compact  and  convenient  form  the  stored-up  sources  of  energy  in 
nature  in  order  to  oyercome  the  opposing  resistance,  and  we  can 
realize  that,  although  we  have  obviously  reached  the  fimits  of  animal 
locomotion,  we  are  far  from  having  reached  any  limitation  in  regard 
to  the  speed  of  self-propelled  machines.  We  see  that  in  all  three 
f onus  of  locomotion — earth,  air,  and  water — ^the  advance  has  beai  far 
more  rapid  during  the  last  few  years  than  ever  before,  and  we  can 
realize  that  there  is  yet  a  considerable  margin  by  which  speed  of 
traveling  could  be  increased  as  the  demand  for  it  is  made;  and 
nothing  is  more  certain  than  that  the  demand  will  be  made. 

I  began  my  lecture  by  pointing  out  v/hj  speed  was  instinctively 
taken  as  a  test  and  a  measure  of  locomotion  f^m  the  earliest  times. 


VCA« 

Fio.  6.— Prognsi  In  Atlantlo 


(Cimard). 


Shakespeare  makes  one  of  his  characters  say,  ''The  spirit  of  the  time 
shall  teach  me  speed,''  but  he  might  have  said  this  of  any  period 
equally  with  that  of  King  John,  though  never  more  so  than  of  to-day, 
for  the  changes  in  the  requirements  of  civilization  have  only  altered 
in  detail,  and  speed  is  of  as  much  importance  as  ever  in  the  struggle 
of  life.  The  probably  unconscious  recognition  of  this  fact  has  always 
led  question  of  speed  to  be  raised  as  prime  factors  in  proposals  for 
new  modes  of  locomotion,  and  it  is  interesting  to  look  back  ovlj 
a  comparatively  few  years  to  see,  in  raising  these  views,  this  was 
always  the  case,  but  how  Uttle  any  ideas  of  future  possibilities  were 
realized.  When  George  Stephenson,  backed  up  by  a  few  courageous 
and  enterprising  men,  was  fighting  the  battle  of  the  railway  and  in 
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partioular  trying  to  secure  the  passing  of  the  bill  for  improved  com- 
munication between  liverpool  and  Manchester,  the  question  of  speed 
was  the  most  important  one  raised.  The  opposing  counsel,  Mr. 
Harrison,  spoke  as  follows: 

When  we  set  out  with  the  OTiginal  prospectus,  we  were  to  gallop,  I  know  not  at  what 
imte;  I  believe  it  was  at  the  rate  of  12  miles  an  hour.  *  My  learned  friend,  Mr.  Adam, 
contemplated — ^possibly  alluding  to  Ireland — that  some  of  the  Irish  members  would 
arrive  in  the  wagons  to  a  division.  My  learned  friend  says  that  they  would  go  at  the  rate 
of  12  miles  an  hour  with  the  aid  of  the  devil  in  the  form  of  a  locomotive,  sitting,  as 
postilion  on  the  fore  horse,  and  an  honorable  member  sitting  behind  him  to  stir  up  the 
fire,  and  keep  it  at  full  speed.  But  the  speed  at  which  these  locomotive  engines  are 
to  go  has  dackened:  Mr.  Adams  does  not  go  faster  now  than  5  miles  an  hour.  The 
learned  seigeant  (Spankie)  says  he  should  like  to  have  7,  but  he  would  be  content  to 
go  6.  I  will  show  he  can  not  go  6;  and  probably,  for  any  practical  purposes,  I  may 
be  able  to  show  that  I  can  keep  up  with  him  by  the  canal.  *  *  *  Locomotive 
engines  are  liable  to  be  operated  upon  by  the  weather.  The  wind  will  a£Fect  them; 
and  any  gale  of  wind  which  would  affect  the  traffic  on  the  Mersey  would  render  it 
impxMsible  to  set  off  a  locomotive  engine  either  by  poking  the  fire  or  keeping  up  the 
preesure  of  steam  tiU  the  boiler  was  ready  to  burst.  ^ 

The  committee,  after  hearing  the  arguments  of  Mr.  Harrison, 
threw  out  the  bill  for  the  liverpool  &  Manchester  Railway  by  a 
majority  of  19  to  13.  In  order  to  realize  that  the  above  ideas  were 
general,  the  following  may  be  quoted  from  the  great  journal  of  the 
day,  The  Quarterly: 

What  can  be  more  palpably  absurd  and  ridiculous  than  the  prospect  held  out  of  loco- 
motives traveling  twice  as  fast  as  stage  coaches?  «  «  «  We  trust  that  Parliament 
will,  in  all  railways  it  may  sanction,  limit  "the  speed  to8or9miles  anhour,  which  we 
entirely  agree  with  Mr.  Sylvester  is  as  great  as  can  be  ventured  on  with  safety. 

Even  in  more  recent  times  we  see  the  struggle  for  the  road  loco- 
motion question  turned  on  one  of  speed,  and  the  supporters  of  the 
new  departure  were  unable  to  make  any  headway  for  many  years, 
partly  because  the  speed  limit  was  put  at  between  3  and  4  miles  an 
hour — that  is,  the  limit  of  a  walking  man.  A  few  years  ago  the 
8i>eed  of  12  miles  an  hour,  which,  after  a  great  struggle,  was  obtained, 
gave  place  to  20  miles  an  hour.  You  can  see  from  the  diagrams 
which  Mr.  Legros  gave  in  a  recent  paper  before  the  Institution  of 
Mechanical  Engineers,  and  which  have  been  brought  up  to  date,  how 
the  speedier  self-propelled  vehicle  is  leading  to  the  disappearance  of 
the  horse — at  any  rate  in  London — and  the  difficulty  which  most 
people  seem  to  feel  is  not  how  to  get  above  the  speed  limit,  but  how 
to  keep  within  it,  and  the  papers  show,  by  a  daily  crop  of  sad  exam- 
ples^ how  only  too  paiof uDy  easy  it  is  not  to  do  so. 

Nothing  points  more  clearly  to  what  I  have  indicated  as  the  basis 
of  our  instinctive  desire  for  speed,  than  the  fact  that  our  measure  of 
speed  is  entirely  relative.  Thus  60  miles  an  hour  would  be  a  slow 
speed  for  a  motor  car  on  a  racing  track,  as  seen  by  the  speeds  of  the 
motor  races  at  Brooklands  last  Saturday  (March  25),  but  this  speed. 
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which  would  be  even  quite  good  along  the  open  road  to  Brighton, 
would  be  conaidered  decidedly  on  the  hi^^  side  for  mot^oring  along 
the  Strand.  Our  ideas  of  what  is  slow  and  what  is  fast  are  largely 
derived  from  habit,  and  particularly  from  surrounding  conditionB  and 
from  our  mode  of  estimation.  For  instance,  we  have  been  carried  in 
this  hall  during  the  last  hour  with  the  surface  of  the  earth  round  its 
axis  a  distance  of  about  600  miles.  Ihis  speed  would  require  a  line 
on  our  q>eed  chart  about  as  high  as  the  dome  of  the  hall  to  represent 
it  graphically.  But  if  we  judge  the  speed  from  observing  the 
apparent  rate  of  motion  of  the  moon  and  stars  overhead,  we  could 
never  realize  this.  Far  less  could  we  realize  by  the  change  in  the 
seasons  the  speed  at  which  we  are  traveling  with  the  earth  round  the 
sun,  accomphshing  a  distance,  as  we  do,  of  540  million  miles  in  365 
days,  which  represents  roughly,  a  distance  of  60,000  miles  per  hour. 
We  have  thus  traveled  together,  since  we  came  into  this  hall,  a  speed 
of  60,000  miles.  The  line  required  on  our  chart  for  this  speed  would 
be  about  as  high  as  St.  Paul's  Cathedral.  But  these  speeds  fall  far 
short  of  those  of  certain  heavenly  bodies  with  which  we  are  familiar, 
such  as  the  meteors,  some  of  which  are  traveling  at  160,000  miles  an 
hour,  and  the  recent  comet,  which  probably  exceeded  this  speed  one 
part  of  its  journey  round  the  sun;  whereas  the  fastest  speed  whidi 
man  has,  up  to  the  present,  been  able  to  produce,  even  in  a  projectile, 
amounts  to  between  2,000  and  3,000  miles  an  hour  (the  Ejrupp  10.7 
centimeter  having  a  velocity  of  3,291  meters  per  second,  and  a  6-inch 
Vickers,  3,190  meters  per  second).  The  highest  projectile  speeds  we 
have  attained  are  thus  only  about  one-tenth  of  the  speed  at  whidi 
Jules  Verne  fired  M.  Barbicane  and  his  friends  off,  in  order  to  over- 
come the  earth's  gravity  and  reach  the  moon,  since  the  speed  he 
required  was  12,000  yards  per  second,  or  24,000  miles  per  hour. 
Such  an  idea  we  are  quite  justified  in  thinking  absurd,  but  we  mig^t 
have  been  justified  in  thinking  many  of  the  things  absurd  which  Jides 
Verne  wrote  about,  only  40  years  ago,  and  which  have  since  come 
to  pass.  Take  Round  the  World  in  Eighty  Days.  In  that  case  it 
cost  Fhineas  Fogg  £19,000  to  take  himself  and  his  servant  round  the 
world  in  80  days.  A  telephone  inquiry  of  Messrs.  Cook  an  hour  <»r 
two  ago  elicited  the  fact  that  anyone  present  can  start  to-morrow 
morning  «nd  go  round  the  world,  with  a  servant,  in  less  than  half  the 
above  time,  and  for  less  than  one-fiftieth  of  the  above  sum. 

Thus  though,  impelled  by  instinct,  man  will  ever  continue  to  strive 
to  increase  his  speeds  of  traveling,  and  with  the  refinement  of  machin- 
ery and  invention  doubtless  succeed  in  doing  so,  it  may  be  safely 
said  that,  notwithstanding  the  still  increasing  upward  an^e  on  some 
of  the  speed  lines  of  the  charts  I  have  shown  to-night,  this  rate  of 
increase  will  before  long  begin  to  take  jdace  at  a  continually  diminish- 
ing rate.    Such  feats  as  the  journey  from  Paris  to  London  within  the 
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hour  may  be  regarded  as  quite  a  feasible  engineering  proposition  in 
the  future,  though  possibly  a  tube  will  be  used  for  the  ourpose, 
without  the  employment  of  wheels,  and  with  a  modification  of  the 
pneumatic  system  of  that  great  genius  Brunei.  We  should,  however, 
in  doing  this  journey,  be  only  traveling  at  half  the  rate  we  are 
actually  moving  at  this  spot  around  the  earth's  axis,  while  to  do  it  at 
the  rate  we  are  traveling  round  the  sun  we  should  only  occupy  a 
quarter  of  a  minute.  This  latter  speed,  apart  from  the  fact  that  it  is 
getting  very  near  the  point  at  which  meteors  fuse  with  the  friction  of 
the  earth's  atmosphere,  seems  to  be  quite  outside  the  limit  of  the 
possibiUties  of  artificial  locomotion  by  man,  but  how  far  we  shall  go 
toward  it,  who  can  tell  t 

Note, — Since  dehvering  the  above  lecture,  M.  Andr6  Jager  Schmidt, 
of  the  Excelsior,  has  made  a  tour  round  the  world  in  39  days  19  hours 
43  minutes  37  seconds.  The  cost  of  doing  this  was  £242  8s.  The 
actual  cost  of  the  railway  ticket  round  the  world  being  £116,  the  rest 
being  extra  payment  to  insure  expedition. 

FuHher  note,  February  14,  1912. — Since  the  foregoing  lecture  I 
showed  that  the  curves  of  fatigue  for  metals  coincided  in  a  remarkable 
way  with  the  curves  of  fatigue  for  muscular  effort  given  in  fig.  2. 
The  following  statement  of  my  remarks  on  this  subject  appears  in  the 
Proceedings  of  the  Institution  of  Mechanical  Engineers  for  1912: 

Dr.  H.  S.  Hele-Shaw  (member  of  council)  said  be  was  responaible  for  the  curves 
which  appeared  on  the  diagram  exhibited  [fig.  7],  '^Endurance  of  Metals,"  and 
there  seemed  to  be  a  great  deal  of  curiosity  amongst  the  members  as  to  what  cycling, 
ronning,  and  skating  had  to  do  with  the  subject  of  the  paper.  A  short  time  ago  he  gavu 
a  Friday  evening  lecture  at  the  Boyal  Institution  on  Traveling  at  High  Speeds,  and  he 
then  gave,  he  believed  for  the  first  time,  the  plotted  records  for  muscular  &tigue.  The 
records,  as  would  be  seen,  consisted  of  plotted  curves  for  the  highest  speeds,  that  is,  the 
greatest  efforts,  and  the  distances  over  which  it  was  possible  to  maintaia  those  speeds, 
which  speeds  were  represented  by  the  vertical  lines  in  the  diagram.  He  thought  every 
engineer  would  at  once  understand  without  further  explanation  what  the  curves 
showed.  For  instance,  taking  the  running  curves,  it  would  be  noticed  that  it  was 
possible  for  a  man  to  run  100  yards  at  the  rate  of  about  21'milee  an  hour;  but  if  he  ran 
lor  100  miles  he  could  only  run  at  the  rate  of  7}  miles  an  hour.  The  same  principle 
applied  to  all  the  other  records.  He  did  not  wish  to  enlarge  upon  the  detidls  of  the 
particular  curves,  but  his  assistant,  Mr.  T.  E.  Beacham,  B.  Sc,  who  drew  them  up, 
pointed  out  to  him  the  remarkable  sioiilarity  of  the  curves  obtained  by  the  authors  for 
the  fatigue  of  metals,  and  his  own  curves  for  muscular  fatigue  .  One  of  the  author's 
curves  was  taken  at  random,  and  the  scale  altered,  and  it  would  be  seen  that  it  was 
exactly  the  same  kind  of  curve  as  those  on  the  muscular  fatigue  diagram.  The  curve 
selected  happened  to  be  figure  31  [fig.  7],  which  dealt  with  specioien  No.  29,  and  that 
was  plotted  in  the  dotted  line  shown  in  the  diagram.  Now  the  question  arose.  Was 
there  any  reason  for  the  similarity  between  the  curve  for  muscular  fetigue,  and  the 
curve  for  metal  fatigue?  It  would  be  noticed,  in  the  first  place,  that  the  results  from 
the  muscular  tests  corresponded  to  the  breakdown  in  the  metal  tests.  The  curves 
for  muscular  endurance  were  the  final  result  of  many  thousands  of  efforts  to  achieve 
the  greatest  possible  effect  for  a  given  speed  and  a  given  distance,  and  when  the  man 
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known  that  in  a  lOO-ymitk  imoe  the  man  who  made  the  grealeit  effort,  and  pat  tii0 
greatest  ponble  endmmnoe  into  that  effort,  was  practically  abaohitely  exhausted,  and 
thiftcoiTwponded  to  the  yielding  of  the  metal  specimen  whm  it  gave  way.  It  was  the 
Mme  with  the  man  who  ran  100  miles,  but  he  could  only  maintain  a  kas  speed  for  tiiat 
distance;  the  same  result  was  obtained  with  the  breaking  down  of  the  metal  under  k0 
stress  when  the  reveeml  of  stress  was  further  pfolooged,  and  then  was  every  resson  for 
bothkindsof  curves  being  logarithmic  in  form  as  they  were.  Thus,nii]scnliriat]gQt 
oocreqMnded  in  a  certain  way  to  the  endurance  tebts  of  metals. 

It  was  only  quite  recently  that  physiologistB  had  understood  the  reason  of  the  limilB 
of  muscular  endurance,  which  limit  was  reached  because  of  the  formation  of  the  toxios 


Mites 

Fio.  7.— Fatigue  carve  of  rnatak,  oompared  with  mnaoalar  fatigue,  fig.  2. 

in  the  muscles,  and  which  toxins  must  be  dissipated  and  the  muscle  renewed.  Thus, 
if  a  man  made  a  certain  effort,  he  could  not  renew  the  toxins  sufficiently  quickly  to  keq» 
that  effort  going  beyond  a  certain  distance.  In  the  case  of  metals  was  there  anything 
umilar  comparable  with  that?  In  that  connection  he  approached  a  subject  that  had 
already  been  alluded  to  by  previous  speakers,  though  not  in  such  a  way  as  to  account 
for  the  results  he  had  referred  to.  Scientists  at  the  present  time,  did,  however,  know 
the  reason,  and  had  discovered  an  explanation  of  the  extraordinarily  puzzling  phe- 
nomenon of  fetigue  of  metals  as  well  as  of  muscular  fotigue.  He  had  be£(»e  him  a  proof 
copy  of  the  most  valuable  and  interesting  lectures '  that  Dr.  Rosenhain  delivend 

>  Froeeedtogi  mi,  pt.  2,  p.  241. 
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before  the  luBtitutioii,  and  he  asked  the  membeni  to  read  the-explanation,  given  in  the 
dearest  possible  language,  as  to  why  a  specimen  which  was  subjected  to  repeated 
reversal  of  stress  must,  according  to  the  teaching  of  microphotography,  inevitably  fail 
at  a  lower  stress  than  under  the  ordinary  test.  A  certain  number  of  crystals  always 
occupied  an  unfavorable  position,  and  they  yielded  at  a  certain  stress  before  the  other 
particles  yielded.  If  they  were  allowed  to  remain  in  that  new  position  they  might 
possibly  fix  themselves  there,  but  if  the  stress  was  reversed  the  mdvement  foimd  these 
particles  in  a  weakened  state;  and  if  it  was  again  reversed  they  again  gave  way,  and 
thus  threw  a  greater  stress  on  the  surrounding  particles,  and  at  last  caused  fissiures  to 
form  and  a  fracture  to  take  place.  This  was  the  ultimate  cause  of  the  apparent  crys- 
tallization of  a  fractured  specimen.  Engineers  used  to  be  taught,  only  a  little  while 
ago,  that  a  metal  crystallized  after  a  certain  time  when  it  was  subjected  to  alternating 
stresses.  A  direct  contradiction  of  that  teaching  was  contained  in  Dr.  Rosenhain's 
lectures.  As  a  matter  of  fact  it  was  not  a  crystallization.  The  crystals  were  there 
before,  and  they  were  there  afterwards.  The  f&cets  which  had  a  crystallized  appear- 
ance were  facets  of  fracture  which  were  gradually  produced  by  the  alternation  of 
stresses,  and  thereby  the  breaking  down  of  the  specimen  was  obtained.  He  thought 
the  members  would  agree  with  him  that  one  thing  was  very  apparent  from  the  paper 
and  the  discussion,  namely,  the  limited  extent  of  our  knowledge  of  the  subject.  After 
listening  to  the  remarks  of  the  authors  and  of  the  gentlemen  who  had  taken  part  in  the 
discussion,  the  members  must  feel  they  had  a  great  way  yet  to  go  before  the  real  nature 
of  the  many  phenomena  of  the  resistance  of  metals  was  understood.  He  trusted  that 
more  experiments  would  be  carried  out,  with  the  object  of  teaching  the  members 
to  realize  what  was  actually  going  on  in  the  materials  they  had  to  use,  and  at  the  same 
time  he  desired  to  thank  the  authors  for  their  extremely  valuable  experimental  work, 
which  was  of  a  character  to  aid  the  building  up  of  a  sound  theory  of  the  subject. 
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Prof.  Koch  was  one  of  the  great  discoverers  of  medicine.  ISs 
researches  have  exercised  a  profound  influence  not  only  upon  the 
development  of  medical  science,  but  also  upon  the  welfare  of  man- 
kind. 

Bom  in  1843  at  Klausthdi,  and  educated  at  the  Gymnasium,  he 
studied  medicine  in  G6ttingen  from  1862  to  1866.  After  a  short 
period  as  assistant  at  the  hospital  in  Hamburg,  he  commenced  prac- 
tice in  Langenhagen,  Hanover.  In  1867  he  removed  to  Rackwitz, 
in  Fosen,  where,  in  addition  to  carrying  on  a  country  practice,  he 
found  time  to  study  for  and  to  take  a  degree  in  physical  science.  In 
1872  he  became  district  surgeon  in  WoUstein.  It  was  while  at  Woll- 
stein  that  Koch's  attention  was  first  seriously  turned  to  the  inter- 
pretation of  infectious  diseases.  The  study  of  the  work  of  Pasteur 
and  hiB  pupils  on  fermentation  and  putrefaction,  and  of  Lister  on 
the  antiseptic  treatment  of  wounds,  led  him  to  the  conclusion  that 
the  etiology  of  infection  was  not  to  be  found  in  miasmata  from  the 
soil,  as  commonly  entertained  at  this  time,  but  much  more  prob- 
ably, in  the  entrance  into  the  tissues  of  microbes,  and  their  multipli- 
cation therein. 

At  the  time  Eoch  commenced  to  investigate  infectious  diseases, 
bacteriology  had  become  differentiated  as  a  department  of  scientific 
inquiry,  but  the  methods  proper  to  the  new  science  were  not 
developed  and,  although  a  nimiber  of  cardinal  facts  had  been  brought 
to  light,  knowledge  on  the  subject  was  chaotic,  and  advance  tem- 
porarily checked.  Diseases  of  man  and  animals  presented  unlimited 
problems,  but  the  means  to  attack  them  were  lacking.  The  means 
T^hich  led  to  the  next  important  advances  were  supplied  by  Robert 
EZoch,  who  possessed  that  rare  combination  of  intellectual  qualities 
TV'ldch  enabled  him,  not  only  to  see  what  was  the  next  question  to 
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ask  of  nature  in  order  to  advance  one  step  further,  but  also  to  de^ 
experimental  methods  which  insured  an  answer  to  this  question. 
In  this  last  faculty  Koch  was  preeminent,  and  the  methods  of  tjiis 
youngest  of  the  sciences  are  to  a  large  extent  the  mi^liods  of  Robert 
Koch. 

Two  of  his  earliest  papers — that  on  the  etiology  of  anthnXi 
founded  on  the  life  history  of  BaeiUus  anihracis  published  in  1876, 
and  that  on  experiments  on  the  etiology  of  wound  infectioDs,  pub- 
lished in  1878,  written  when  district  surgeon  at  WoUstein-^iaye 
become  classics.    This  work  was  carried  out  in  addition  to  tite 
duties  of  a  practitioner  of  medicine,  and  without  the  assistanoe  of 
any  laboratory  equipment  beyond  a  good  microscope.    Polleiultf 
and  Davaine  had  seen  the  anthrax  bacillus  20  years  eariior  in 
the  blood  of  infected  animals,  and  in  1863  the  latter  had  shown  that 
the  blood  containing  the  badlli  was  capable  of  infecting  animals,  if 
inoculated  into  them.    That  these  bacilli  were  in  reality  the  caiise 
of  the  disease  was,  howev^ ,  controverted.    Koch  reasoned  thai  as 
the  disease  remained  attached  to  certain  pastures,  if  the  anthrax 
bacilli  were  the  living  virus,  they  ought  to  grow  outside  the  body  as 
well  as  inside.    He  succeeded  in  cultivating  many  successive  generar 
tions  of  them  in  broth,  and  also  watched  their  growth  upon  a  hot 
stage.    He  discovered  that  they  formed  spores  when  grown  outside 
the  body  or  when  blood  containing  them  was  allowed  to  dry;  dete^ 
mined  the  greatly  increased  resistance  of  tho  spores  to  physical  and 
chemical  agents;  and  showed  that  as  long,  and  only  as  long,  as  the 
broth  or  dried  material  contained  bacilli  or  spores  capable  of  propa- 
gating themselves,  these  remained  infective  for  animals. 

The  importance  of  the  anthrax  work  can  hardly  be  overestimated. 
It  afforded  for  the  first  time  convincing  proof  of  the  causal  relatioa 
of  a  particular  bacillus  to  a  particular  disease.  Owing  to  the  unmis- 
takable character  of  the  bacillus,  and  its  presence  in  large  numb^s 
in  the  blood  of  infected  animals,  its  study  could  be  profitably  und^ 
taken  with  the  means  available. 

Koch  was  unremitting  in  his  efforts  to  improve  his  microscopical 
technique,  and  in  the  same  year  published  a  pap^  on  the  inveciiga- 
tion,  preservation,  and  photographing  of  bacteria,  in  which  an 
account  of  the  preparation  and  staining  of  dry  films  is  given.  The 
method  described  is  very  much  that  still  in  daily  use.  The  paper 
is  accompanied  by  photomicrographs  of  bacteria,  the  exc^ence  of 
which  is  rarely  equaled  at  the  present  day.  Koch  pointed  out  that 
he  had  persevered  in  this  work  because  he  was  obsessed  with  the 
idea  that  the  hitherto  conflicting  results  of  investigations  on  ihe 
causation  of  infective  diseases  had  their  foundation  in  the  incoin- 
pleteness  of  the  methods  used. 
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Koch's  interest  in  traumatic  infectious  diseases  seems  to  have  been 
stimulated  by  the  disasters  due  to  these  causes  among  the  wounded 
in  the  Franco-Prussian  War.  The  results  of  Lister's  antiseptic 
methods  had  demonstrated  that  means  directed  against  the  ird^ec- 
tion  of  wounds  with  microbes  obviated  these  diseases.  Micrococci 
and  bacteria  had  frequently  been  found  in  pus,  diphtheritic  ulcera^- 
tion,  in  the  tissues  at  the  edge  of  advancing  erysipelas,  and  in  pysemic 
deposits.  Microorganisms  had  also  been  discovered  in  the  blood  of 
relapsing  fever  and  puerperal  fever.  Further,  Coze  and  Feltz  and 
Davaine  had  inoculated  rabbits  with  the  blood  of  patients  dead  of 
puerperal  fever,  and  had  succeeded  in  carrying  on  the  infection 
through  successive  generations  of  these  animals.  Nevertheless,  the 
evidence  that  a  particular  organism  was  the  cause  of  a  particualr 
disease  was  far  from  conclusive.  Many  observers  concluded  that 
bacteria  were  universally  present  in  the  normal  body.  Others  failed 
to  find  any  organisms  in  obviously  septic  conditions.  There  was  no 
practicable  means  of  separating  one  coccus  from  another  coccus,  and 
bacteria  of  identical  appearance  were  found  to  be  associated  with  a 
variety  of  diseases.  The  parasitic  nature  of  traumatic  diseases  was 
probable,  but  unproven. 

Koch  began  his  work  on  traumatic  infective  diseases  with  the  con- 
viction that  the  most  fruitful  line  of  investigation  would  be  a  com- 
parative one,  namely,  to  induce  septic  infections  in  animals  and  see 
whether  they  would  "breed  true"  upon  successive  reinoculations, 
controlling  the  experimental  observations  by  careful  microscopic 
examination  throughout.  He  used  for  the  piupose  of  infecting  his 
animals  putrid  serum  or  bouillon.  This,  he  found,  contained  a  l^rge 
variety  of  organisms  of  ^different  sizes  and  shapes,  which  he  was 
unable  to  separate  from  one  another.  He  hoped  that,  implanted 
into  the  body  of  an  animal,  a  selection  might  occur,  and  only  those 
pathogenic  for  the  particular  species  survive.  His  anticipations  were 
justified,  and  the  injection  of  small  quantities  of  such  materials  was 
followed,  in  a  number  of  instances,  by  the  development  of  a  fatal 
illness  with  the  presence  in  the  blood  of  one  only  of  the  many  forms 
present  in  the  original  material.  He  was  able  to  carry  on  the  disease 
from  one  animal  to  another,  always  with  the  same  symptoms  and  the 
presence  of  the  same  organism.  Moreover,  if  the  same  material  con- 
taining a  variety  of  organisms  were  injected  into  animals  of  different 
species,  one  microbe  flourished  in  the  one  species  and  another  in  the 
second,  showing  that  a  particular  microbe  could  establish  itself  in  one 
animal  and  not  in  a  neighboring  species. 

The  animal  body  is,  as  Koch  said,  an  excellent  apparatus  for  pure 
cultivation,  and  he  succeeded  to  some  extent  in  doing  what  had  been 
the  stumbling  block  to  all  progress,  namely,  to  isolate  one  organism 
from  another, 
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The  publication  of  theee  three  papers  raised  the  hitherto  obecure 
physician  of  Woilstein  to  the  first  rank  of  scientific  investigatorsy  but 
thej  were  merely  the  beginning  of  his  scientific  career.    Thar 
importance  and  the  genius  of  their  author  was  recognised  by  Struck, 
the  enlightened  director  of  the  German  health  office,  who  inyited 
Koch  to  accept  a  position  in  that  department.    The  chemical  and 
hygiene  laboratories  attached  to  the  department  had  been  exten- 
sively equipped,  but  bacteriology  was  naturally  unprovided  for.   A 
room  was,  however,  found  for  him,  and  in  these  humble  surroimdings 
he  settled  down  to  pursue  his  inquiries.    He  was  soon  joined  by 
Loeffler  and  Oaffky,  who  became  his  first  assistants.    The  three 
worked  together  enthusiasticaUy  in  the  one  room,  fitting  up  the 
laboratory,   inventing   apparatus,    and   improving  methods.    The 
great  problem  confronting  them  was  to  find  a  practicable  means  d 
obtaining  a  pure  culture  outside  the  body.    Eoch  accomplished  thk 
by  the  simfde  expedient  of  adding  gelatin  to  the  nutrient  medium. 
The  gelatin-containing  medium  was  inoculated  whilst  warm  with  a 
minute  amount  of  the  material,  poured  in  a  thin  layer  upon  a  plate 
and  allowed  to  set.     In  this  way  bacterial  colonies  originating  from 
individual  microbes  were  obtained.    Portions  from  the  colonies  were 
subsequently  sown  into  separate  tubes  of  broth  or  other  fluid  suitaUe 
for  their  growth.    The  diisoovery  of  this  technique  made  advance 
possible. 

Another  line  of  investigation  undertaken  at  this  time,  on  account 
of  its  importance  in  the  technique  of  bacteriolo^,  was  concerned  with 
disinfection  and  sterilization.  The  experiments  of  Eoch  and  his 
pupils,  made  upon  pure  cultures  of  pathogenic  bacteria,  is  the  foun- 
dation upon  which  all  later  work  on  this  subject  has  been  built.  It 
also  led  to  the  substitution  of  the  more  convenient  steam  sterilisa- 
tion for  dry  heat. 

One  can  not  emphasize  too  strongly  to  what  a  large  extent  Eodi 
provided  the  tools  of  inquiry  at  each  stage  in  the  development  of 
bacteriology,  but  he  did  not  rest  there.  From  1880  onward  followed 
a  period  of  extraordinary  activity.  In  a  dozen  years  the  etiolo^cal 
factor  of  11  important  human  diseases — tubercle,  cholera,  typhoid, 
diphtheria,  erysipelas,  tetanus,  glanders,  pneumonia,  epidemic  menin- 
gitis, influenza,  and  plague,  as  well  as  nxmierous  animal  diseases— 
was  discovered  by  Eoch  and  his  pupils. 

After  the  completion  of  his  work  on  anthrax  Eoch's  individual 
^orts  were  directed  more  particularly  to  the  discovery  of  the  infec- 
tive agent  in  tuberculosis,  whilst  diphtheria  and  typhoid  were  being 
investigated  by  his  assistants,  Loeffler  and  Gaffby.  The  work  of 
Elencke  and  Villemin  and  the  further  experiments  of  Cohnheim  and 
Salomonsen,  had  established  that  the  disease  tuberculosis  was  due  to 
an  infective  agent  which  was  capable  of  propagating  itself  in  the  animal 
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body.  Miliary  tubercles  were  examined  microscopically  for  some 
signs  of  a  microbe,  but  for  long  without  success.  At  last,  by  a  modir- 
fication  in  the  method  of  staining,  a  fine  bacillus  was  discovered,  and 
its  presence  in  the  majority  of  preparations  established.  E£Ports  to 
grow  the  organism  in  pure  culture  at  first  failed,  but  subsequently, 
by  infinite  patience,  he  succeeded  in  growing  it  upon  coagulated 
serum.  Once  isolated  and  grown  upon  a  succession  of  media,  the 
establishment  of  the  bacillus  as  the  etiological  factor  presented  no 
difficulty,  and  at  the  Physiological  Society  in  Berlin  on  March  24, 
1882,  Koch  presented  the  proof  that  he  had  discovered  the  cause  of 
one  of  the  most  widespread  and  dreaded  of  human  diseases. 

From  the  discovery  of  the  cause  of  a  disease,  its  prevention  or  cure 
does  not  necessarily  follow,  but  in  the  campaign  against  an  enemy  it 
is  of  first  importance  to  be  acquainted  with  his  nature  and  peculiari- 
ties. Koch  interested  himself,  at  once,  in  studying  the  life  history 
and  methods  of  warfare  of  the  tubercle  badUus.  These  studies  were, 
however,  interrupted.  Cholera  was  in  Egypt  and  threatened  Europe, 
and  the  German  Government  organized  a  commission,  with  Koch  as 
leader,  to  proceed  to  Egypt  to  study  the  disease,  and  draw  up  recom- 
mendations for  dealing  with  it,  should  it  reach  Germany.  Shortly 
after  reaching  Egypt  the  outbreak  there  ceased.  In  the  meantime, 
however,  Koch  had  obtained  important  information  leading  him  to 
suspect  a  particular  comma-shaped  badUus  as  the  specific  cause  of 
the  disease.  The  material  for  the  furtherance  of  his  inquiry  having 
failed  in  Egypt,  Koch  proceeded  to  India,  where  cholera  is  endemic, 
and  completed  his  investigations.  He  satisfied  himself  that  the 
comma  bacillus  was  the  constant  companioii  of  the  cholera  disease, 
that  its  abundance  was  commensurate  with  the  severity  of  the 
attack,  and  that  it  penetrated  beneath  the  epithelium  in  the  affected 
part.  He  never  succeeded  in  obtaining  it  from  the  healthy  or  dis- 
eased intestine,  other  than  in  the  case  of  cholera.  It  was  com- 
paratively easy  to  obtain  it  in  pur^  culture,  and  its  characteristics 
were  studied,  but  the  completion  of  the  evidence  to  convict  this 
organism  was  lacking,  as  a  true  cholera  process  can  not  be  artificially 
produced  in  any  of  the  laboratory  animals.  Incidentally,  whilst  in 
Egypt,  he  discovered  amoebsB  in  dysentery,  and  the  bacillus  responsi- 
ble for  the  widespread  ophthalmia  in  that  country. 

As  previously  mentioned,  at  the  time  Koch  was  ordered  to  Egypt 
to  investigate  cholera  he  was  engaged  in  the  attempt  to  discover 
some  means  to  modify  the  infection  by  the  tubercle  bacillus  in  the 
animal  body.  Proceeding  on  the  assumption  that  the  tubercle 
bacillus  exercises  its  pathogenic  effects  by  means  of  a  chemical  poison, 
Koch  investigated  the  action  of  the  dead  bacilli  and  their  products 
upon  normal  animals,  and  also  the  effect  of  a  previous  injection  with 
dead  bacilli  upon  a  subsequent  inoculation  of  Uving  ones.    This 
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led  to  the  important  obeervation  that  in  animiJa  preTioosly  treated 
with  dead  badlli  the  later  inoculation  of  living  organisms  occasioned 
an  energetic  local  reaction,  leading  in  some  cases  to  their  destruction. 

From  his  experiments  he  was  led  to  the  conclusion  that,  not  only 
could  a  guinea  pig  be  immunized  against  tubercle  bj  repeated  injec- 
tions of  the  products  of  tubercle  bacillus,  but  that  the  same  tissue 
reaction  could  be  stimulated,  and  the  disease  brou^t  to  a  standstill 
by  this  means.    Later  U890)  he  published  his  well-known  results 
upon  tuberculin,  by  means  of  whidi  tuberculosis  could  be  not  only 
diagnosed,  but  in  the  early  stages  might,  he  hoped,  be  cured.    The 
possible  remedy  was  enthusiastically  welcomed  by  the  whole  world. 
Medical  men  tlm)nged  to  Berlin  from  all  parts  to  see  the  results  of  its 
application.    The  treatment  was  applied  to  all  sorts  of  cases  in  what 
we  now  know  were  colossal  doses.    The  results  were  disappointang, 
and  in  many  cases  disastrous.    The  premature  publication  of  his 
results  with  tuberculin  was  a  misfortune,  and  the  failure  of  the 
treatment  obscured  for  the  time  being  the  great  value  of  Koch's 
work,  and  even  exposed  him  to  opprobrium.    Koch  had,  howey^, 
made  a  great  discovery,  but  underestimated  the  potency  of  the  agent 
he  had  brought  to  light.    Tuberculin  is  an  invaluable  diagnostic  for 
early  tuberculosis  in  man  and  animals,  and  is  universally  ^nployed. 
Since  1890  it  has  been  consistently  employed  by  a  nxmiber  of  physi- 
cians all  over  the  world  for  the  treatment  of  tubercle  wit^  what  ^>pear 
to  be  beneficial  results,  and  of  recent  years  its  employment  has  again 
been  resuscitated  by  Wright.    It  is  now  administered  in  much  smaller 
doses,  and  with  careful  observance  of  the  effect  of  each  injection. 

During  the  next  eight  years,  1891-1800,  Elooh  was  occupied  with 
investigations  into  a  large  number  of  diseases  of  men  and  animals. 
The  list  includes  leprosy,  rinderpest,  plague,  surra,  Texas  fever,  and 
malaria.  These  investigations  necessitated  his  spending  much  of  his 
time  abroad.  It  would  be  difficult  to  judge  just. how  much  of  the 
knowledge  gained  upon  these  didteses  to  attribute  to  Koch,  as  he  was 
accompanied  by  one  or  more  distinguished  workers,  as  in  the  case  of 
the  German  plague  conunission  which  visited  India.  It  is  very  clear, 
however,  from  the  published  reports  and  papers,  that  the  insist  and 
experience  with  which  he  directed  the  inquiries  materially  enhanced 
our  knowledge  of  the  causation  and  means  of  spread  of  these  diseases. 

Koch's  work  upon  malaria  needs  special  m^ition.  Whilst  in  trop- 
ical coimtries,  his  attention  was  naturally  drawn  to  this  disease. 
Laveran's  discovery  of  the  malarial  parasite  had  been  made,  but  the 
mechanism  of  the  spread  of  the  disease  was  unknown.  Manson's 
discovery  that  filaria  was  inoculated  by  the  mosquito,  Theobald 
Smith's  proof  that  Texas  fever  was  transmitted  by  ticks,  and  Brace's 
demonstration  that  the  tsetse-fly  disease  was  due  to  a  protozoan  para- 
site, and  merely  conveyed  by  the  fly,  suggested  to  Koch,  as  to  others, 
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that  malaria  mi^t  be  transmitted  by  a  biting  insect.  He  was,  indeed, 
engaged  upon  experiments  with  mosquitoes,  and  had  neariy  satisfied 
himself  that  malaria  was  thtis  transmitted,  wh^i  Ross  published  his 
results.  Kooh  was,  however,  largely  instrumental  in  showing  that 
the  three  types  of  malaria  were  associated  with  three  distinct  parasites, 
and  that  none  of  these  were  infective  for  the  lower  animals,  a  result 
of  great  importance,  from  the  point  of  view  of  malaria  prophylaxis. 
He  also  oleared  up  the  difficulty  as  to  the  reservoir  of  the  disease  in  a 
population  the  adults  of  which  could  not  be  found  to  harbor  the  para* 
site  by  showing  that  the  young  children,  even  to  the  extent  of  90  to 
100  per  cent,  were  infected. 

In  1901  Eoch  r^>orted  to  the  British  Congress  on  Tuberculosis  the 
results  of  experiments  whidi  he  had  carried  on  during  the  preceding' 
two  tears  in  conjxmetion  with  Sehutz  upon  the  pathogenicity  of  the 
human  tubercle  bacillus  for  domestic  animals.  Briefly  stated,  Eoch's 
main  conclusion  from  their  experiments  was  that  human  tuberculosk 
differs  from  bovine  and  can  not  be  transmitted  to  cattle.  The  far 
more  important  question:  ''Is  man  susceptible  to  bovine  tubercu- 
losis?" was  then  considered.  No  direct  experimental  proof  of  this 
converse  proposition  is  possible,  but  from  the  fact  that  men — and  par- 
ticularly children — consume  large  quantities  of  bovine  tubule 
bacilli  in  milk,  and  yet  tuberculosis  of  the  intestine  is  rare,  Eoch  ccm- 
duded  that  man  is  little  if  at  all  susceptible  to  the  bovine  variety  of 
the  bacillus.  He  pointed  out  that  the  question  whether  man  is  sus- 
ceptible to  bovine  tuberculosis  at  all  was  not  decided,  but  expressed 
the  belief  that  infection  of  human  beings  is  of  so  rare  occurrence  that 
it  is  not  necessary  to  take  any  measures  against  it.  It  was  the  last 
conclusion  that  caused  so  much  consternation,  as  most  countries  were 
embarked  in  considerable  expenditure  with  a  view  to  minimizing  the 
chances  of  infection  by  milk  and  meat.  Eoch  may  have  been  unwise 
in  stating  his  views,  but  he  did  so  with  the  conviction  that  bovine 
tubercle  is  not  an  important  source  of  infection,  and  with  the  earnest 
desire  that  we  should  not  squander  oiu:  energies  in  subordinate  direc- 
tions, but  should  concentrate  them  in  efforts  to  diminish  man-to-man 
infection  through  the  respiratory  tract. 

The  importance  attached  to  a  considered  opinion  of  so  distinguished 
an  authority  led  to  the  appointment  of  numerous  commissions  of  in- 
quiry in  Eiux)pe  and  America.  Of  these  the  work  of  the  English 
Koyal  Conmiission  has  been  the  most  extensive.  The^  investiga- 
tions have  shown  that  the  sharp  distinction  between  the  two  varieties 
though  usually  manifest,  is  not  so  absolute  as  Eoch  supposed,  and 
that  bacilli  of  the  bovine  type  are  not  so  unconmxonly  found  in  human 
infections  as  he  was  led  to  believe.  The  frank  expression  of  opinion 
by  Eoch  on  this  subject  has  been  the  stimulus  for  an  enormous 
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amount  of  valuable  work  in  connection  with  tuberculofiis  thioo^ut 
the  civilized  world,  but  the  relative  importance  of  infecticm  from  one 
another  through  sputum  and  from  bovinea  through  daiiy  produce 
iB  still  an  open  question,  and  will  not  be  settled  for  many  yeais  to 
come. 

Before  closing  this  sketch  of  his  life  work,  it  remains  to  add  a  few 
words  upon  Koch  as  a  teacher.  In  1885  he  removed  from  the  health 
department  and  became  a  professor  in  the  faculty  of  medidne  and 
director  of  the  new  hygiene  institute,  attached  to  the  Umversitj  of 
Berlin.  Here,  with  the  help  of  his  assistants,  numbers  of  those  who 
later  became  leading  bacteriologists  in  all  countries  were  trained  m  his 
methods  and  endowed  with  some  portion  of  his  enthimiasm  and  ean- 
estness.  The  admiration  with  which  he  was  regarded  by  his  pupils^ 
and  the  absolute  faith  which  he  inspired,  amounted  in  many  cases  to 
actual  worship,  and  a£ford  further  evidence  of  the  essential  greatness 
of  the  man. 

Amongst  the  numerous  honors  conferred  upon  him  by  scientific  and 
academic  bodies  throu^out  the  civilized  world  was  the  foreign  memr 
bership  of  the  Royal  Society,  to  which  he  was  elected  in  1897. 

There  have  no  doubt  been  many  discoverers  as  great  as  Eodi,  but 
it  must  be  seldom  that  one  has  been  so  individually  associated  wiUi 
the  development  of  a  science.  Bacteriology  has  to  so  great  an  extent 
grown  up  around  Koch  that  the  title  ''Father  of  Bacteriology'^  has 
been  conferred  upon  him  by  his  admiring  compatriots. 
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By  Lieut.  Col.  D.  Prain,  C.  M.  G.,  F.  R.  S., 
Director  of  the  Royal  Botanic  Oardentf  Kew, 


The  most  distinguished  son  of  a  very  distinguished  father,  Joseph 
Dalton  Hooker,  was  bom  at  Halesworth,  in  Suffolk,  on  June  30, 1817. 
Early  in  1820  his  father  was  appointed  by  the  Crown  to  fill  the  chair 
of  botany  in  the  University  of  Glasgow,  a  post  which  he  held  until, 
in  1841,  he  became  director  of  the  Royal  Gardens  at  Kew.  As  a 
consequence  Hooker  was  educated  in  Glasgow,  passing  through  the 
high  school  to  the  universiy,  from  which  he  obtained  the  degree  of 
M.  D.  in  1839.  Devoted  as  a  lad  to  the  reading  of  works  of  travel, 
we  learn  from  Hooker  hirnself  that  he  was  especially  impressed  by 
Turner's  description  of  the  Himalayan  Peak  of  Chumlari,  and  by  the 
account  of  the  Antarctic  island  of  Kerguelen  contained  in  Cook's 
voyages.  An  opportunity  of  investigating  the  latter  came  to  him 
very  early  in  his  career.  When  he  completed  his  medical  studies. 
Hooker  entered  the  Royal  Navy  as  an  assistant  surgeon,  and  was 
gazetted  to  the  Erebus,  then  about  to  start,  along  with  the  Terror, 
on  the  famous  Antarctic  expedition  led  by  the  eminent  navigator  Sir 
James  Clark  Ross.  Throughout  this  expedition  the  young  assistant 
surgeon  held  the  post  of  botanist,  and  during  its  three  years'  cruise  in 
the  southern  seas  he  was  able  to  visit  New  Zealand,  AustraUa, 
Tasmania,  Kei^elen,  Tierra  del  Fuego,  and  the  Falkland  Islands, 
amassing  large  collections  and  acquiring  a  vast  amotmt  of  botanical 
information. 

Shortly  after  the  close  of  this  expedition.  Hooker,  in  1843,  became 
assistant  to  Graham,  then  professor  pt  botany  in  the  University  of 
Edinburgh,  and  in  1845,  when  Graham  was  succeeded  by  the  elder 
Balfour,  Hooker  was  appointed  botanist  to  the  geological  survey  of 
Great  Britain.  Much  of  his  time  during  this  period  was  de^coted  to 
the  preparation  for  publication  of  the  results  obtained  during  the 
course  of  his  Antarctic  voyages.  But  in  1847  this  work  was  tem- 
porarily suspended,  and  his  appointment  on  the  geological  survey  was 
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relinquiflhedy  in  order  that  Hookar  mi^t  add,  bj  further  travel,  to 
his  first-hand  knowledge  of  the  vegetation  of  sub-Antarctic  and  tem- 
perate regions,  a  corresponding  acquaintance  with  the  bota&y  of 
tropical  countries.    The  region  selected  was  northeastern  India,  tlien 
a  practically  unexplcM^  tract.    The  undertaking,  originally  designed 
as  a  private  enterprise,  throu^  a  series  of  happy  accidents  received 
official  recognition,  and  the  expenses  involved  wne  to  a  partial 
extent  met  from  public  funds.    Hooker  left  England  in  Novemb^, 
1847,  reaching  India  in  January,  1848.    After  some  three  months 
spent  in  the  Gangetic  Plain  and  Behar,  during  which  he  ascended  the 
sacred  hill  of  Parasnath,  Hooker  made  his  way  to  the  ICmalayas, 
reaching  Darjeeling  in  Sikkim  in  the  middle  of  April.    The  next 
two  years  were  devoted  to  the  botanical  exploration  and  topo-  . 
graphical  survey  of  the  Himalayan  State  of  Sikkim  and  of  a  number 
of  the  passes  which  lead  from  that  country  into  Tibet;  if  he  did  not 
actually  reach  he  at  least  had  opportimities  of  seeing  the  noble  peak 
of  Chumlari,  which  had  helped  to  fire  his  youthful  ambition  to  become 
a  great  traveler.    Toward  the  close  of  the  year  1848  Hooker  had  an 
opportunity,  which  has  come  to  no  one  since,  of  crossing  the  western 
frontier  of  Sikkim  and  exploring  a  portion  of  eastern  Nepal.    During 
the  greater  part  of  the  time  spent  in  the  eastern  Himalayas,  Hooker 
traveled  and  surveyed  alone,  but  in  October,  1849,  he  was  joined  by 
Dr.  Campbell,  the  superintendent  of  Darjeeling,  who  had  obtained 
official  authority  to  visit  Sikkim.    Shortly  after  Campbell  joined 
him,  the  Sikkim  authorities  seized  the  opportunity  thus  offered  to 
imprison  and  maltreat  Campbell,  at  the  same  time  confining  Hooker, 
whom,  however,  they  refrained  from  injuring.    The  captives  were 
released  toward  the  end  of  December,  1849,  and  the  next  three  months 
were  spent  by  Hooker  in  arranging  at  Darjeeling  his  vast  collections. 

Early  in  1847  Dr.  Thomas  Thomson,  of  the  Indian  medical  service, 
son  of  a  colleague  of  the  elder  Hooker  in  the  University  of  Glasgow, 
and  an  old  classmate  and  intimate  friend  of  his  own,  had  been  deputed 
by  Lord  Hardinge  to  visit  and  report  upon  certain  portions  of  the 
western  Himalaya  and  Tibet.  This  mission  completed,  Thomson 
made  his  way  to  Darjeeling  in  order  to  join  Hooker,  and  the  year  1850 
was  devoted  by  the  two  friends  to  the  botanical  investigation  of 
eastern  Bengal,  Chittagong,  Silhet  and  the  Eliasia  Hills. 

On  his  return  to  England  in  1851  Hooker  resimied  the  task  of 
publishing  his  Antarctic  results,  and  began,  in  conjunction  with  Thom- 
son, to  elaborate  those  of  the  Indian  journeys.  The  collaboration  of 
the  two  friends  in  the  preparation  of  a  "Mora  Indica,"  the  first  and 
only  volume  of  which  appeared  in  1855,  ceased  when  Thomson 
returned  to  India,  and  the  appointment  of  Hooker  in  that  year  to 
the  post  of  assistant  director  at  Kew  under  his  father  brought  with 
it  duties  more  than  adequate  to  occupy  the  time  and  attention  of  an 

Digitized  by  CjOOQ  IC 


BOL  JOSEPH  DAIJTOK  HOOEBBi— PBAIH.  661 

ordinary  official.  The  perfonnance  of  these  duties^  however,  did  not 
impede  his  Antarctic  studies,  and  in  I860,  which  saw  the  completion 
of  the  great  work  on  the  botany  of  the  Antarctic  voyage,  Hooker  was 
able  to  add  still  further  to  his  extensive  knowledge  of  topographical 
botany.  In  the  autumn  of  that  year  he  was  asked  by  Capt.  Wash- 
ington, hydrographer  of  the  Royal  Navy,  to  take  part  in  a  scientific 
visit  to  Syria  and  Palestine.  In  the  course  of  this  journey  he  ascended 
Lebanon  and  investigated  the  history,  position,  and  age  of  the  cedar 
grove  which  has  made  that  mountaux  a  hoiraehold  word,  but  of  which 
until  then  nothing  was  accurately  known. 

On  the  death  of  the  venerable  Sir  William  Jackson  Hooker  in  1865, 
Hooker  was  appmnted  director  of  the  Royal  Gardens,  Kew,  in  suc- 
cession to  his  father.  This  position  he  held  during  the  next  20  years. 
The  engrossing  work  and  added  responsibiUties  of  this  period  did  not, 
however,  prevent  Hooker  from  taking  his  full  share  of  those  public 
duties  which  naturally  fall  to  the  lot  of  men  of  his  eminence.  He 
presided  over  the  thirty-eighth  meeting  of  the  British  Association 
held  at  Norwich  in  1868,  and  over  the  department  of  zoology  and 
botany  in  the  biological  section  at  the  meeting  held  at  Belfast  in 
1874.  In  1873  he  undertook  the  arduous  duties  of  presid^it  of 
the  Royal  Society,  and  occupied  the  presidential  chair  for  the  next 
five  years.  Nor  did  these  duties  entirely  debar  hhn  from  further 
botanical  travel.  In  1871  he  \mdertook,  in  company  with  the  late 
Mr.  Ball  and  ^Ir.  G.  Maw,  a  botanical  expedition  to  Morocco  and  the 
Atlas  Range;  in  1877,  in  company  with  his  intimate  friend.  Dr.  Asa 
Gray,  and  with  Dr.  Hayden,  of  the  United  States  Survey,  he  took 
part  in  aa  important  botanical  journey  to  Colorado,  Wyoming, 
Utah,  the  Rocky  Mountains,  the  Sierra  Nevada,  and  Califomia. 

From  the  time  of  his  retirement  in  1885,  Hooker's  life  was  spent 
at  The  Camp,  near  Sunningdale,  where  he  had  built  for  himself  a 
home,  the  grounds  of  which,  furnished  with  all  the  advantages  that 
knowledge  and  taste  can  provide,  contain  one  of  the  most  interesting 
collections  of  jdant  forms  in  this  coimtry.  Here  he  devoted  himself 
with  the  energy  and  enthuaasm  of  one  commencing'  his  career  to  the 
completion  of  tasks  already  in  hand  and  to  the  initiation  of  new  ones. 
His  critical  acumen,  whidi  remained  unaffected  by  advancing  age, 
and  his  physical  vigor,  which  became  seriously  impaired  only  a  few 
weeks  before  his  death,  enabled  him,  in  the  fre^om  from  administra- 
tive duties  which  retirement  had  brought,  to  accomplish  work  which 
as  r^ards  its  amount  must  be  c(»isidered  the  ample  harvest  of  a 
lifetime,  and  as  r^ards  its  quality,  and  no  higher  tribute  could  well 
be  bestowed,  fully  sustained  the  reputation  of  his  earlier  puMications. 

The  work  which  Hooker  accomplished  can  be  but  briefly  outlined 
here.  Space  forbids  a  complete  eniuneration  of  his  many  contribu- 
tions to  natural  knowledge;  all  that  can  be  done  is  to  endeavor  to 
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indicate  the  various  Hues  of  his  intellectual  activity,  and  to  note  how 
these  were  affected  by  the  leading  events  in  his  personal  history. 
While  still  an  undergraduate^  Hooker  had  been  at  work  in  his  father's 
herbarium  in  Glasgow.    The  eariiest  of  his  results  appear  in  a  paper 
on  Indian  mosses,  written  in  collaboration  with  the  late  Prof.  Harvey, 
whidi  was  published  in  1840,  shortly  after  he  had  joined  the  expedi- 
tion under  Ross.    Work  connected  with  cryptogamic  plants  was  one 
of  his  strongest  eariy  inclinations,  for  some  of  the  most  important  of 
his  papers,  prepared  during  the  years  1844  to  1847,  when  he  had 
returned  from  the  Antarctic,  deal  with  the  hepatics,  lichens,  mosses, 
and  alg»  of  the  southern  drcumpolar  regions.    But  a  predilection  for 
work  on  fossil  botany  manifested  itself  almost  as  eariy  in  his  career; 
another  early  paper,  written  and  published  in   1842,   while  stiU 
botanist  on  the  Erebus,  deals  with  an  examination  of  a  Tasmanian 
fossil  wood.    As  his  general  work  on  the  Antarctic  material  he  had 
accumulated  made  progress,  we  find,  however,  that  his  cryptogamic 
w<»*k  came  to  be  done  more  and  more  in  collaboration  with  workers 
who  had  made  some  particular  lower  group  their  special  province. 
The  botanical  results  of  the  Antarctic  voyage  occupy  six  quarto 
voltunes  subdivided  into  three  sections:  (1)  The  Flora  Antarctica, 
completed  in  1847,  before  he  left  for  India;  (2)  the  Flora  Nove 
Zelandi»,  issued  in  1853,  after  his  return  from  the  East;  and  (3)  the 
Flora  Tasmanias,  published  in  1860,  after  he  had  become  assistant 
director  at  Kew. 

But  the  preparation  of  the  first  section  of  the  Antarctic  work  did 
not  imi>ede  his  activities  while  connected  with  the  geological  survey 
between  1845  and  1847.  Before  undertaking  the  duties  of  the  })ost 
he  had  already  given  attention  to  problems  connected  with  fossil 
botany;  while  attached  to  the  survey  he  prepared  during  1846-47 
several  important  papers  on  the  subject,  the  most  notable  of  these 
being  a  discussion  of  the  vegetation  of  the  Carboniferous  period  as 
compared  with  that  of  the  present  day,  which  was  printed  in  1848. 
But  his  interest  in  the  subject  did  not  end  with  the  severance  of  his 
connection  with  the  geological  department;  two  interesting  papers  on 
fossil  botany  from  his  pen  were  published  in  1855.  After  his  appoint- 
ment as  assistant  director,  however,  he  made  no  further  formal  con- 
tribution to  knowledge  in  this  particular  field.  His  Antarctic  work 
and  his  duties  in  connection  with  the  geological  survey  did  not, 
however,  suffice  to  occupy  all  his  time  prior  to  his  departure  for 
India.  He  drew  up  an  Enumeration  of  the  Plants  of  the  Gal^[>ago8 
Archipelago,  issued  in  1847,  and  collaborated  with  the  late  Mr. 
Bentham  in  preparing  the  Flora  Nigritiana,  incorporated  by  ^ 
W.  J.  Hooker  in  the  Niger  Flora,  published  in  1840. 

Some  of  the  results  of  Hooker's  Indian  observations,  notably  those 
relating  to  his  journeys  in  the  Indian  plains,  were  published  by  the 
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Asiatic  Society  of  Bengal  in  1848.  But  if  on  his  return  to  England 
in  1851  he  reverted  with  energy  to  the  elaboration  of  his  Antarctic 
results,  the  Indian  material  was  not  neglected.  He  began,  in  col- 
laboration with  Thomson,  that  Flora  Indica,  the  issue  of  which  in 
1855  has  already  been  alluded  to.  In  connection  with  this  work  two 
sumptuous  illustrated  folios  were  issued;  the  first,  on  The  Rhodo- 
dendrons of  the  Sikkim-Himalaya,  was  edited  from  Hooker's  notes, 
sketches,  and  material,  by  his  father,  between  1849  and  1851;  the 
second,  Illustrations  of  Himalayan  Plants,  chiefly  made  for  an  Indian 
friend,  Mr.  Cathcart,  in  the  Darjeeling  neighborhood,  was  edited, 
with  descriptions  by  Hooker  himself,  in  1855. 

This  was,  however,  by  no  means  all  that  he  was  able  to  accom- 
plish. In  addition  to  the  families  formally  described  in  the  solitary 
volume  of  their  Flora  Indica,  Hooker  and  Thomson  discussed  in  the 
Linnean  Society's  Journal  various  problems  of  interest  relating  to 
individual  Indian  plants,  and  issued  a  series  of  papers,  Prsecursores  ad 
Floram  Indicam,  dealing  more  completely  with  a  number  of  impor- 
tant natural  families.  Finally,  Hooker's  Himalayan  Joiunab,  one  of 
the  most  fascinating  books  of  travel  in  our  language,  in  which  his 
Indian  Journeys  are  dealt  with  generally,  was  issued  in  two  octavo 
volumes  in  1854.  Probably  no  botanical  field  work  has  proved  more 
fertile  in  interest  or  provided  material  of  greater  value  in  the  discus- 
sion of  biological  and  phytogeographical  problems  than  that  done  by 
Hooker.  Yet  great  as  were  his  botanicfd  results  and  pardonable  as 
it  is  in  the  bontanical  worker  to  look  upon  these  as  Hooker's  highest 
achievement,  it  is  doubtful  whether  the  topographical  results  were 
not  of  even  greater  moment.  These  results,  reduced  by  Hooker  him- 
self, with  the  assistance,  as  he  tells  us,  of  various  Anglo-Indian 
friends  who  came  imder  the  xnagic  spell  of  his  personality,  were 
arranged  at  Darjeeling  during  the  early  months  of  1851.  They 
formed  the  basis  of  a  map,  published  by  the  Indian  trigonometrical 
survey,  with  the  aid  of  which,  such  is  its  accuracy  and  its  detail,  the 
operations  of  various  campaigns  and  political  missions  have  been 
carried  to  a  successful  issue. 

The  10  years  during  which  Hooker  was  assistant  director  at  Kew 
were  marked  by  extraordinary  activity.  The  time  that  could  be 
spared  from  executive  duties  was  far  from  being  entirely  absorbed  in 
Antarctic  and  Indian  work.  In  1862,  and  again  in  1864,  he  dealt 
with  important  collections  of  plants  from  Fernando  Po  and  the 
Cameroons  in  papers  valuable  in  themselves  and  in  the  evidence  they 
afford  that  his  interest  in  the  flora  of  the  Dark  Continent,  &rst  evinced 
in  1847,  had  never  abated.  This  interest  showed  itself  once  more  in 
a  paper  of  1875,  which  may  be  mentioned  out  of  sequence,  on  the 
subalpine  vegetation  of  Kilimanjaro.  In  this  case,  however,  the 
interest  was  associated  with  another  which  had  guided  much  of  his 
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Antftrctie  study  and  had  manifested  itself  in  1856  and  in  1861  in 
dealing  with  the  Arctic  plants  c<dlected  dnring  the  FranUin  searches 
and  the  MoGlintock  expedition.    Hie  problems  inTt^ed  were  dealt 
with  in  a  comprehensive  fashion  in  1861  in  Hooker's  classic.  Outlines 
of  the  Distribution  of  Arctic  Plants.    A  gronp  of  kindred  problems 
had  presented  themsebres  to  Hooker  when  engaged  in  the  study  of 
the  Tegetation  of  the  more  o  tlying  Antarctic  and  sub-Antarctic 
islands,  and  subsequently  when  dealing  with  the  plants  of  Galapagos. 
To  this  period,  therefore,  we  xnay  most  properly  ascribe  the  formation 
ot  the  yiews  enunciated  in  a  notable  discourse  on  Insular  Floras, 
delivered  at  the  meeting  of  the  British  Associaticm  at  Norwich  in 
1866.    Yet  another  allied  group  of  problems  called  for  consideration 
in  connection  with  his  Antarctic,  Indian,  and  African  studies;  his 
condusiona  with  regard  to  these  are  stated  in  his  Introductory  iWy 
to  the  Flora  of  Tasmania,  published  in  1860;  the  opinions  there 
expressed  on  the  origination  and  distribution  of  species  suffice  to 
explain  the  action  which  Hoc^Eer  took  when,  in  conjunction  with 
Lyell,  he  had  induced  Darwin,  in  1858,  to  publish  a  preliminaiy 
sketch  of  his  famous  hypothesis. 

To  the  same  period  ci  his  activities  bd<mgs  the  diare  taken  by 
Hooker  between  1858  and  1864  in  the  preparatiim  of  Tliwaites's 
enumeration  of  the  plants  of  Oeyl(m.  To  tids  period  we  owe,  more- 
over, the  codification  of  the  results  given  in  the  second  portion  of 
the  Antarctic  flora  in  the  form  of  a  Handbook  of  the  New  Zealand 
Flora,  contributed  to  the  series  of  Colonial  floras  published  under 
GovemmMit  authority.  The  work  was  issued  in  part  in  1863;  the 
concluding  portion  was  published  in  1867,  shortly  after  the  period 
had  come  to  an  end.  But  to  this  period  we  owe,  in  addition,  various 
important  special  studies  on  the  structure  and  affinities  of  Balano- 
phore»,  published  in  1856;  on  the  origin  and  devdopment  of  the 
pitchers  of  Nepenthes,  in  1859;  and  on  Welwitschia,  in  1863.  Tie 
most  obvious  result  of  Hooker's  visit  to  Syria  in  1860  is  a  paper  on 
ihe  cedars  of  Lebanon,  Taurus,  Algeria,  and  India,  published  in  1862, 
In  this  article  a  subject  of  great  interest  and  considerable  diflSeulty 
is  handl6d  with  ma^^y  skill.  But  the  journey  bore  further  fruit 
in  the  form  of  a  singulariy  pleasing  sketch  of  the  botany  of  Syria  and 
Palestine,  contributed  in  1863  to  Smith's  Bible  Dictionary.  Ext^i- 
sive  and  important  as  these  various  contributions  to  botanical  knowl- 
edge are,  they  do  not  include  all  that  Hooker  accomplished  while 
assistant  director;  the  moot  onerous  and  important  und^takiog  ini- 
tiated during  this  period  has  still  to  be  mentioned.  In  renewed  col- 
laboration with  Mr.  Bentham  was  commenced  one  of  the  oustandii]^ 
botanical  monuments  of  the  nineteenth  century,  in  the  form  of  a 
great  Genera  Plantarum;  of  £he  three  volumes  which  this  -work 
includes,  the  first  was  completed  in  1865. 
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Hooker's  succession  in  that  year  to  the  directorship  of  Kew  brought 
with  it  all  the  responsibilities  connected  with  the  administration  of 
that  national  institution.  These,  however,  did  not  prevent  him  from 
continuing  to  take  his  share  in  the  preparation  of  the  Genera  Plan- 
tarum,  the  second  volume  of  which  was  <5ompleted  in  1876,  the  third 
and  concluding  one  in  1883.  The  directorohip,  however,  brought 
with  it  the  duties  of  continuing  the  Botanical  Magazine  and  the 
Icones  Plantarum,  edited  by  his  predecessor.  These  duties  Hooker 
continued  to  fulfill  even  after  his  retirement  in  1885;  in  the  case  of 
the  Icones  until  1889,  in  that  of  the  Magazine  imtil  1902,  and  with 
the  collaboration  of  Mr.  W.  B.  Hemsley  for  two  years  longer,  his  con- 
nection with  this  historio  serial  ending  m  1904,  with  the  completion 
of  the  one  himdred  and  thirtieth  volxmie.  The  death  of  his  father 
imposed  on  Hooker  yet  another  filial  duty  of  the  most  arduous  char- 
acter, that  of  replacing  in  1870,  by  his  own  Student's  Flora,  the 
British  Flora  of  his  predecessor.  In  1873  he  annotated  and  rear- 
ranged the  natural  families  of  plants  in  an  English  version  of  the 
Trait6  g6n£ral  of  Le  Maout  and  Decaisne,  and  in  1876  he  wrote  for 
the  series  of  science  primers  that  on  Botany. 

The  results  <rf  Hooker's  journeys  in  North  Africa  in  1871  are  given 
in  A  Journal  of  a  Tom*  in  Marocco  and  the  Great  Atlas,  written  in 
collaboration  with  Ball  and  published  in  1873;  those  of  his  visit  to 
North  America  in  1877  were  summarized  by  himself  in  Nature,  vol. 
16,  p.  539. 

Ctf  the  addresses  and  discoiurses  delivered  by  Hooker  during  this 
period,  that  on  Insular  Floras  of  1866  has  already  been  alluded  to. 
That  deUvered  from  the  presidelit's  chair  to  the  British  Association 
in  1868,  with  its  whole-hearted  advocacy  of  an  acceptance  of  the 
hypothesis  of  Mr.  Darwin  as  the  surest  means  of  promoting  natural 
knowledge,  was  perhaps  more  important  in  its  effect  on  scientific 
thought  generally.  His  British  Association  sectional  address  of  1874, 
on  The  Carnivorous  Habits  of  Plants,  was  an  illuminating  review  of 
those  problems  to  which  his  own  observations  and  researches  on 
Nepenthes  in  1859  had  directed  attention. 

It  lias  recently  been  remarked  that  ''so  broad-based  were  the  foun- 
daticMQs  of  Kew  as  laid  by  Sir  William  Hooker  that  they  have  been 
but  little  extended  by  his  followers.  Their  work  has  been  to  build  a 
noUe  superstructure.  Viewed  in  detail,  Kew  is  hardly  anywhere 
the  same  as  it  was  in  1866.  But  the  framework  is  very  much  the 
same."  These  remarks  are  so  just  that  no  useful  purpose  could  be 
served  by  any  attempt  to  enumerate  here  the  various  manifestations 
of  Hooker's  activity  as  an  administrator,  or  to  detail  the  alterations 
and  additions  which  marked  his  directorship.  That  activity,  as  was 
said  by  Prof.  Asa  Gray  in  the  article  on  Hooker  in  our  Scientific 
Worthies  series   (Nature,  vol.  16,  p.  538),  was  exercised  *'in  such 
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wise  as  to  win,  along  with  national  applause,  the  gratitude  of  the 
scientific  woiid."  Nor  is  more  than  a  passing  allusion  due  to  a 
bitter  controveisj  in  1872,  Hooker's  unsought  share  in  which  the 
world  of  science  made  its  own.  Those  idiose  curiosity  extends  to 
the  unedifying  may  find  the  detaib  in  a  pailiamentary  paper;  it  is 
sufficient  to  remaiic  that  in  the  following  session  the  Royal  Society 
chose  Hooker  to  preside  over  their  councils. 

We  have  yet  to  allude  to  what  was  the  heaviest  and  the  most  pro- 
longed task  of  Hooker's  life,  the  publication  of  the  Flora  of  British 
India.  During  his  collaboration  with  Thomson,  prior  to  1855,  in 
the  elaboration  of  the  results  of  their  Indian  journeys,  the  two  friends 
had  been  able  to  render  available  for  scientific  study  the  botanical 
treasures  preserved  in  the  East  India  House.  The  heavy  but  essen- 
tial task^of  distributing  these  involved  as  a  corollary  the  preparation 
and  issue  of  a  catalogue  of  the  specimens  dealt  with.  This  catalc^e 
Hooker  was  able  to  pubUsh  in  1865^  A  similar  necessity  subse- 
quently arose  in  connection  with  the  Peninsular  Indian  herbarium 
brought  together  by  the  late  Dr.  Wight.  This  subsidiary  distribu- 
tion was  completed  and  the  requisite  ancillary  catalogue  was  pre- 
pare by  1870.  The  task  of  preparing  for  British  India  a  flora  on  the 
lines  of  those  written  at  Kew  on  behalf  of  the  various  colonies  could 
at  last  be  undertaken.  This  task  was  at  once  begun;  the  opening 
part  of  the  initial  volume  appeared  in  1872,  and  the  volimie  was  com- 
pleted in  1875.  It  was  followed  by  the  second  volume,  finished  in 
1879,  by  the  third,  finished  in  1882,  and  by  the  fourth,  the  concluding 
part  of  which  was  issued,  just  as  Hooker  retired,  in  1885. 

Nearly  half  of  the  gigantic  task  had  still  to  be  accomplished,  so 
that  in  Hooker's  case  retirement,  if  it  brought  relief  from  adminb- 
trative  cares,  did  not  bring  leisure.  The  heavy  labor  was  faced  with- 
out flinching;  the  progress  of  the  work  remained  unchecked.  The 
fifth  volume,  containing  four  parts,  was  completed  in  1890;  the  sixtii, 
also  a  volume  of  four  parts,  in  1894;  the  seventh  and  concluding  vol- 
ume appeared  in  1897. 

In  the  meantime,  however.  Hooker  imdertook  a  new  and  onerous 
task.  Shortly  before  his  death  the  late  Mr.  Darwin  informed  Hooker 
of  his  intention  to  devote  a  considerable  simi  to  be  expended  in  pro- 
viding some  work  of  utiUty  to  biological  science,  and  to  arrange  that 
its  completion  be  assured  should  this  not  be  accomplished  during  his 
lifetime.  The  difficulties  which  he  had  experienced  in  his  own  studies 
led  Darwin  to  suggest  that  this  work  might  take  the  form  of  an  index 
to  the  names,  authorities,  and  countries  of  all  flowerii^  plants.  At 
Darwin's  request,  the  direction  and  supervision  of  the  work  was  under- 
taken by  Hooker;  the  actual  preparation  was  entrusted  to  Mr.  B.  D. 
Jackson.  The  result  is  the  Index  Kewensis,  of  which  the  publica- 
tion alone  occupied  the  period  from  1892  to  1895.    During  the 
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period  devoted  to  its  preparation  and  publication  the  work  received 
the  unremitting  care  and  attention  of  its  director  and  its  compiler. 
Other  works,  however  valuable  they  may  be,  admit,  as  a  rule,  of 
some  relative  estimate.  To  the  Index  Kewensis  no  such  mode  of 
judgment  is  applicable;  it  is  simply  invaluable,  and  stands  a  lastmg 
monument  to  the  wisdom  and  generosity  of  Darwin,  the  piety  and 
sagacity  of  Hooker,  the  care  and  fidelity  of  Jackson.  While  this 
Index  was  in  progress.  Hooker  arranged  for  publication  in  1895  a 
century  of  drawings  of  orchids,  for  which  he  provided  descriptions, 
from  among  the  manuscript  figures  placed  at  his  disposal  by  the 
Calcutta  herbarium  in  connection  with  his  own  work  on  the  Flora  of 
British  India.  Scarcely  had  the  responsibility  attaching  to  the  prep- 
aration of  the  Index  been  laid  aside  ere  Hooker  imdertook,  as  an  act 
of  justice  to  the  memory  of  a  distinguished  predecessor,  to  edit  the 
Journal  of  the  Bight  Hon.  Sir  Joseph  Banks,  during  Captain  Cook's 
first  voyage,  1768-71;  this  work  was  published  in  1896. 

The  time-consuming  and  exacting  labor  which  the  preparation  of 
the  Indian  flora  entailed  had  barely  ended  when  the  chivalrous  gen- 
orsity  of  Hooker  was  once  more  invoked.  The  late  Dr.  Trimen  had 
tmdertaken  the  preparation  of  a  Handbook  of  the  Flora  of  Ceylon, 
Three  volumes  of  this  work  were  issued  between  1893  and  1895. 
While  it  was  in  progress  Trimen  was  mortally  stricken;  the  third  vol- 
ume was  issued  with  the  hand  of  death  upon  the  author.  When 
Trimen  died  the  Government  of  Ceylon  sought  Hooker's  aid.  With 
indomitable  courage  the  veteran  of  over  80  xmdertook  the  heavy  task 
of  completing  the  work  of  another  author  who  had  fallen  a  victim  in 
the  prime  of  life,  \mder  restrictions  as  to  scope  and  style  which, 
whether  they  met  with  his  approval  or  not,  were  at  any  rate  different 
from  those  hitherto  observed  by  himself.  Perhaps  no  more  touching 
token  of  regard  than  this  was  ever  paid  to  the  memory  of  a  friend. 
The  fourth  volume  of  the  Ceylon  flora,  to  some  extent  edited  from 
material  left  by  Trimen,  appeared  in  1898;  the  fifth  and  concluding 
volume,  which  it  fell  to  Hooker  to  prepare  himself,  was  issued  in 
1900.  Still,  as  he  himself  once  expressed  it,  "dragging  the  lengthen- 
ing chain"  of  the  Botanical  Magazine,  Hooker  devoted  the  next  two 
years  of  his  own  life  to  writing  that  of  his  father,  which  appeared  in 
the  Annals  of  Botany  in  December,  1902.  Coincident  with  the 
appearance  of  this  tribute  of  filial  piety  came  the  arrangement  which 
relieved  him  of  some  of  the  pressure  which  the  editing 'of  the  Maga- 
zine entailed,  but  not  the  anticipated  freedom.  At  the  request  of 
the  Government  of  India,  Hooker  undertook  to  prepare  for  the 
Imperial  Gazetteer  a  sketch  of  the  vegetation  of  the  Indian  Empire. 
This  task,  one  of  the  most  difficult,  when  regard  is  had  to  the  limita- 
tion of  space  almost  necessarily  imposed,  that  could  well  be  imder- 
taken,  was  successfully  accomplished  and  has  resulted  in  an  essay 
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comparaUe  with  that  on  the  botany  of  Syria  and  Palestine,  writtai 
30  years  earlier. 

The  active  intellect  which  had  for  five  and  sixty  years  taken  a  fierce 
delight  in  laborious  days,  and  had  throughout  found  a  task  to  be 
more  congenial  in  proportion  to  its  difficulty,  was  not  likely  to  seek 
satisfaction  in  an  unbroken  round  of  quiet  breathing.  If  new  w<»ldB 
need  not  be  sought  for  conquest,  at  least  some  unregulated  province 
might  be  reduced  to  order.  Among  the  families  of  Indian  jdantB 
dealt  with  by  Hooker  and  Thomson  in  thdr  Pnecursores,  one  of  the 
most  fascinating,  whether  for  the  variety  of  its  forms  or  the  intricacy 
of  their  relationships,  had  been  the  Balsamine».  Since  1859,  when 
their  paper  appeared,  a  host  of  new  Indian  and  Chinese  forms  had 
been  reported;  the  characters  met  with  in  some  of  these  appeared  to 
invalidate  earlier  conclusions.  To  the  study  of  tiiis  interesting  group 
Hooker  devoted  his  attention  from  1904  onward,  evolving  order  out 
of  an  apparent  chaos,  and  in  the  course  of  his  studies  jdaced  those 
in  charge  of  most  of  the  important  herbaria  in  Europe  under  a  deep 
obligation  by  supplying  th^  with  a  uniform  nomenclature  for  their 
specimens.  On  this  woi^,  which,  so  far  at  least  as  the  Asiatic  forms 
are  concerned,  had  been  practically  completed,  Hooker  was  engaged 
almost  to  the  last. 

Shortly  summarised,  and  omitting  here  any  ref^^noe  to  excursions 
into  the  domain  of  economic,  morphological,  and  physiolc^cal 
botany,  or  to  systematic  studies  of  material  from  coimtries  in  which 
he  did  not  himself  travel,  we  find  evidence  of  the  existence  of  several 
definite  lines  of  active  interest,  athwart  which  fell  the  shadow  of 
various  outstanding  events  in  Hooker's  career.  The  record  indicates 
that  Hooker's  strongest  and  earliest  predilections  were  perhaps  toward 
the  study  of  cryptogamic  plants  and  work  on  fossil  botany.  The 
first  predilection  reached  its  culmination  in  1844,  when  he  returned 
from  the  circumpolar  expedition  on  which  he  had  started  in  1839. 
The  pressure  exercised  by  problems,  to  the  elucidation  of  which  the 
evidence  of  flowering  plants  with  their  more  special  organization  and 
more  restricted  distribution  is  of  greater  value,  gradually  led  to  the 
abandonment  of  this  field  of  study,  which  was  not  reentered  after 
he  left  for  India  in  1847.  The  predilection  for  work  on  fossil  botany 
naturally  reached  its  culmination  while  Hooker  was  attadied  to  the 
geological  survey.  Its  influence,  though  not  entirely  inhibited,  was 
less  active  after  Hooker's  return  from  the  East,  and  this  field  of  study 
was  abandoned  when  he  became  assistant  director  of  Kew  in  1855. 

The  predilection  for  the  study  of  those  problems  that  relate  to  the 
origination  and  distribution  of  species,  to  which  his  experience  as  a 
field  naturalist  on  circumpolar  islands  and  among  the  peaks  and 
valleys  of  the  Himalayas  had  given  so  great  an  impetus,  reached  its 
culmination  while  he  was  assistant  director  at  Kew,  and  is  manifested 
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most  strongly  in  the  cLassieal  essays  which  date  from  1860  to  1866. 
Without  attempting  to  estimate  the  interaction  effects  of  the  work  of 
Darwin  on  that  of  Hooker  and  vice  versa,  we  may  here  direct  atten- 
tion to  the  fact  of  their  existence.  Nor  could  it  be  otherwise;  the 
two  men  studied  and  wrote,  on  t^ms  of  intimate  and  affectionate 
friendship,  in  an  atmosphere  surcharged  with  great  and  pregnant 
thought. 

With  Hooker's  succession  to  the  directorship  of  Eew  in  1865,  the 
Antarctic  work  had  practically  ended,  for  the  concluding  moiety  of 
the  New  Zealand  handbook  appeared  in  1867.  He  was  now  able  to 
do  for  India  what  he  had  abeady  done  for  Tasmania  and  New  Zea- 
land, and  if,  when  he  retired  in  1885,  only  half  of  his  Indian  systematic 
work  had  been  accomjdished,  there  was  no  break  in  its  continuity. 
If  we  except  his  masterly  sketch  of  the  Vegetation  of  India,  prepared 
after  the  Indian  Flora  had  been  completed,  we  are  without  a  record 
of  his  condusions  from  Indian  botanical  evidence,  comparable  with 
the  brilliant  generalizations  based  on  his  study  of  the  Arctic,  Ant- 
arctic, and  insular  floras  of  the  globe.  This  may  be  a  cause  for  regret ; 
it  can  be  no  cause  for  surprise.  Not  only  is  the  Indian  field  the  wider 
of  the  two;  Hooker  completed  the  essential  preliminary  spade  work 
in  the  other  during  the  16  years  between  1844  and  1860,  whereas  the 
corresponding  Indian  toil  exacted  over  40  years  of  labor  between  1854 
and  1897.  When  the  Indian  i»:eliminary  work  was  done,  it  only 
served  to  prove  that  the  reliU^onships  of  the  Indian,  Malayan,  and 
Chinese  floras  are  so  intimate  as  to  demand  their  conjoint  considera- 
tion. 

The  completion  of  the  Indian  Flora  in  1897,  rather  than  the  demis- 
sion of  the  directorship  at  Eew,  marks  the  dose  of  a  period  in  Hooker's 
work.  The  next  epoch,  a  comparatively  brief  one,  was  devoted  to 
the  performance  of  acts  of  piety  to  the  memory  and  regard  for  the 
wis]3^  of  predecessors  or  of  contemporaries  whom  he  had  outlived. 
These  tasks  ended,  the  evening  of  his  life  was  devoted  by  Hooker  to 
work  which  in  many  respects  was^  even  for  one  so  wide  in  his  range 
and  so  varied  in  his  interests,  a  new  departure.  His  great  Antarctic 
Mora,  his  still  greater  Indian  one,  are  splendid  examples  of  broad 
canvases  upon  which  in  bold  and  stinking  lines  the  hand  of  a  master 
has  depicted  the  salient  and  essential  features  of  a  highly  diversified 
landscape,  and  no  one  has  ever  portrayed  with  a  surer  touch.  In 
the  work  to  which  Hooker  devoted  the  dosing  years  of  his  life,  he 
has  treated  a  sin^e  natural  family  as  a  predous  gem,  upon  which, 
with  a  hand  as  sure  as  the  one  that  has  given  us  the  ample  atmosphere 
of  his  great  pictures,  he  has  engraved  an  exquisite  intaglio. 

To  offer  here  an  estimate  of  the  quality  ot  Hookas  work  would 
surdy  be  out  of  place.  That  task  has  already  been  performed  in 
the  pages  of  Natiue  by  one  who  was  in  the  strictest  sense  Hooker's 
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oontemporaiy,  and  who,  if  he  hmd  not  the  adyantage  of  swh  per- 
spective as  time  affords,  at  least  had  all  the  benefit  of  distance  in 
space  to  aid  his  judgment.  It  is  sufficient  hefe  to  say  that  the  CBti- 
mate  made  in  1877  has  been  fuDj  sustained  by  all  that  has  happened 
since;  it  is,  moreoTer,  interesting  to  reflect  that  the  hope  then  so 
fondly  expressed  that  Hooker,  already  in  his  sixtieth  year,  might 
still  be  only  in  mid-career  has  been  fulfilled  almost  to  a  day.  If  it 
be  urged  that  in  one  respect  the  judgment  of  1877  is  at  a  dkadvan- 
tage  as  being  from  the  pen  of  <me  who,  like  Darwin,  was  bound  to 
Hooker  by  the  ties  of  almost  lifdong  affection,  then  we  can  only  say 
that  no  one  now  alive  who  has  enjoyed  the  privil^e  of  Hooker's 
acquaintance  may  venture  to  judge  his  work,  because  to  know  Hook^ 
was  to  love  him.  The  breadth  ef  his  interests,  the  depth  of  his 
knowledge,  and  the  wisdom  of  his  counsel  combined  to  inspire  rev^- 
ence  and  r^ard.  But  above  all  these  qualities,  and  beyond  the  sin- 
gular charm  of  his  manner,  shone  the  unstudied  and  imstinted  kind- 
ness which  compelled  affection. 

A  member  of  the  Ldnnean  Society  since  1842,  Hooker  was  a  member 
of  the  council  during  24  years,  and  for  15  of  these  was  one  of  its  vice 
presidents.  He  was  also  a  member  of  the  Geological  Society,  which 
he  joined  in  1846.  He  was  elected  a  fellow  of  the  Royal  Society  in 
1847,  and  served  on  the  council  during  17  years,  for  6  of  these  as 
a  vice  president  and  for  5  as  president.  A  correspondent  of  the 
Institute  and  a  member  of  the  Academies  of  Berlin,  Bologna,  Boston, 
Brussels,  Copenhagen,  Florence,  G6ttingen,  Munich,  Rome,  St.  Peters- 
bui);,  Stockholm,  and  Vienna,  he  enjoyed,  in  addition,  the  freedom 
of  practically  every  society  or  corporation  devoted  to  the  promotion 
of  natural  or  technical  Imowledge  within  and  beyond  the  British 
Empire.  Not  a  few  of  these  bodies  have  bestowed  on  Hooker  still 
further  distinctions.  On  the  recommendation  of  the  Royal  Society 
he  received  a  Royal  medal  in  1854;  by  the  same  society  he  was 
awarded  the  Copley  medal,  its  highest  honor,  in  1887,  and  the  Darwin 
medal  in  1892.  From  the  Society  of  Arts  he  received  their  Albert 
medal  in  1883;  from  the  Geographical  Society  their  Founder's  medal 
in  1884;  from  the  linnean  Society  their  linnean  medal  in  1888,  a 
medal  struck  to  celebrate  his  own  eightieth  birthday  in  1897,  and 
one  of  the  medals  struck  in  1908  to  commemorate  the  fiftieth  anni- 
versaiy  of  the  pubUcation  of  the  joint  communication  of  Darwin  and 
Wallace  on  natural  selection,  in  the  original  presentation  of  whidi 
to  the  society  he  had  played  so  important  a  part.  The  Manchester 
Philosophical  Society  awarded  him  a  medal  in  1898,  and  in  1907  he 
received,  in  circumstances  of  singular  dignity,  from  the  Swedish 
Academy,  what  he  himself  has  characterized  as  the  crowning  honor 
of  his  long  life — the  soUtary  medal,  struck  especially  for  the  occaaion. 
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to  commemorate  the  two-hundredth  amiiyersaiy  of  the  birth  of  the 
great  LmnsBus. 

Among  his  academic  distinctions  were  the  honorary  degree  of 
D.  C.  L.,  conferred  upon  him  by  the  University  of  Oxford,  and  that 
of  LL.  D.  from  the  Universities  of  Cambridge,  Edinburgh,  DubUn,  and 
his  own  ahna  mater,  Glasgow. 

His  foreign  distinctions  have  induded  membership  of  the  Royal 
Swedish  Order  of  the  Polar  Star  and  the  Royal  Prussian  Order '  Tour 
le  M6rite."  By  his  own  Government  he  was  made  a  C.  B.  in  1869, 
the  year  following  his  presidentship  of  the  British  Association;  he 
was  made  a  K.  C.  S.  I.  in  1877,  toward  the  dose  of  his  presidentship 
of  the  Royal  Society.  He  was  in  1897  promoted  to  the  grade  of 
G.  C.  S.  I.,  when,  in  his  eightieth  year,  the  Flora  of  British  India  was 
completed;  and  in  1907,  on  his  ninetieth  birthday,  he  received  the 
Order  of  Merit. 

Hale  and  robust  in  his  venerable  old  age,  the  veteran  Hooker  not 
only  attended  the  Darwin-Wallace  cdebration  oi^anized  by  the  Lin- 
nean  Society  in  1908,  addressing  the  ddegates  and  fdlows  present  in 
a  speech  which  recounted  the  part  played  by  himself  half  a  century 
earKer;  he  also  attended  the  cdebration  at  Cambridge  in  1909  which 
commemorated  the  centenary  of  the  birth  of  his  friend  Darwin.  At 
work  until  within  a  few  weeks  of  his  death,  and  keenly  interested  in 
current  topics  to  the  last,  Hooker  passed  peacefully  away  in  his 
sleep,  at  his  residence.  The  Camp,  near  Sunningdale,  at  midnight  on 
Sunday,  December  10.  As  was  befitting,  an  invitation  was  offered 
to  receive  his  remains  in  Westminster  Abbey.  Hooker  had,  how- 
ever, expressed  his  wish  that  they  should  rest  in  the  tomb  in  which 
his  IQustrious  father's  body  was  laid.  This  wish  was  fulfilled,  and 
on  Friday,  December  15,  he  was  buried  in  the  family  grave  in  the  - 
old  churchyard  of  Kew.  The  cortege  followed  the  coflin  to  the  church, 
as  was  meet,  from  the  house  so  long  occupied  by,  and  so  full  of  memo- 
ries connected  with,  his  father  and  himself.  At  Kew,  where  so  much 
of  what  he  accomplished  was  done,  he  deeps  with  his  people,  and 
Kew  with  its  old  churchyard  is  now  more  sacred  even  than  it  was 
to  botanical  pilgrims. 
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